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ABSTRACT
This study’s purpose was to explore science engagement and in/equity through science
educators’ narratives of servant leadership at both the K-12 and higher education levels in the
United States. The research question was: How have participants become and led others to
become engaged in science? I took an arts-based approach using drawings and autobiographical
data to initiate and create metissages focused on becoming engaged in science education. The
findings were that: (1) Participants helped marginalized students understand the culture of
science through pedagogical strategies that connected self and science; (2) Participants
recognized and countered systemic forms of oppression for students who are marginalized in
science education through outreach in STEM; and (3) Participants offset disengagement in
science among underserved groups through meaningful relationships and presented nondominant examples of scientific inquiry. I discuss their implications for professional
development and provide recommendations for future research concerning
leadership/followership aimed at promoting science equity.
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CHAPTER ONE
INTRODUCTION
The purpose of this study was to explore science educators’ narratives about science
engagement and in/equity through the lens of leadership/followership. It began from the premise
that engagement in science can be developed through servant leadership by science educators
who use their leadership capacity to relate science and education to the development of learners’
cultural and sociopolitical consciousness. Science engagement and identity can be nurtured
through formal and/or informal participation within scientific communities that empower all
forms of diversity (i.e. gender, race, culture) (Bianchini, Johnston, Oram, & Cavazos, 2003;
Calabrese Barton, Kang, Tan, O’Neill, Bautista-Guerra, & Brecklin, 2013; Mensah, 2009).
Increased accountability policies, like No Child Left Behind Act (NCLB, 2001), resulted
in high stakes assessments for students and comprehensive teacher performance evaluations.
These policies and practices spurred attention to engagement related to improving learning, but
with limited attention to learners’ interests, identity development, stewardship, and talents. With
engagement in science used to predict learning, identity and achievement from psychological
factors (i.e. behavorial, emotional, cognitive) encouraged social inequity based on challenges to
measure engagement (Sinatra, Heddy, & Lombardi, 2015). Likewise, standardized methods of
instruction helped establish norms that overshadowed broad expressions of science engagement
and decontextualized expectations for student learning.
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The basic frameworks guiding science curriculum included standards-based knowledge,
essential questions, national and state benchmarks, student performance expectations, and crosscurricular connections. Each area governed science teachers’ lesson planning responsibilities and
practices for student learning. Furthermore, engagement in science education was often in
conversation with aims to develop scientific literacy using standardized teaching methods, which
prompted some researchers to ask how to measure engagement and for what purpose (McMahon
& Portelli, 2004; Sinatra et al., 2015).
Some school districts encourage or mandate curriculum frameworks deemed to support
scientific literacy goals for student learning. For example, a 5 “E” planning tool to guide
curriculum and pedagogy treats the following steps in order and separately: engage, explore,
explain, elaborate/extend, evaluate. Although the 5 “E” plan directs teachers to begin lessons
using strategies such as brainstorming, hooks, or graphic organizers to lure the student into
participating, it does not prevent (and might even encourage) standardized teaching and
decontextualized content.
Such planning frameworks are not isolated but coupled with other practices and
procedures, such as the use of district curriculum pacing guides and heavily scripted curricular
materials, that dictate what educators and learners are to say and do. While some curriculum
offers examples of ways to engage students (i.e., using combinations of structured teacher-led
prompts or unstructured student-led prompts), intentions remain the same: to achieve gains in
student learning apart from consideration of what contributes to the development of engagement
in science, which I later discuss as part of the conceptual framework that guided this study.
The Next Generation Science Standards (NGSS) represent efforts to improve engagement
opportunities for all students with set expectations for knowing and doing science. Somehow,
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intentions to promote equitable science education with fixed expectations control the narrative
for science engagement. While multiple variables could be used to determine science
engagement, reforms are mostly centered on three main areas: curriculum, pedagogy, and policy
(see Figure 1).

Figure 1. Three categories that strive for engagement as an outcome.
Science curriculum and pedagogy with the purpose of developing sociopolitical
consciousness counters seemingly neutral curriculum and pedagogy that allows students to
remain passive and uncritical about dominant beliefs, values, and traditions. Sociopolitical
consciousness is aided by socioscientific issues (SSI) curriculum, which intermingles science is
challenged by socioscientific issues (SSI) curriculum, which intermingles science content and
sociopolitical issues to develop students’ moral and ethical considerations (Zeidler & Keefer,
2003; Zeidler & Nichols, 2009).
3

In school settings, it is not uncommon for roles among science teachers to extend their
efforts beyond teaching science. Some lead in service to others (demonstrate servant leadership
or provided mentoring. Teachers who offer servant leadership, which implies follership, can
render insight into ways to engage students so they thrive in social (science) settings. Less
evident in the literature is how engagement can be enhanced through science education that
transforms society, relates to students’ lived (cultural) experiences, bridges abstract and
contextual knowledge, and encourages sociopolitical consciousness. Culture is often described as
a conduit for learning among students from various cultural backgrounds (Lee, Lomotey, &
Shujaa, 1990). However, to engage students’ from diverse cultural backgrounds, teachers may
need more training and support, including awareness of how culture could mediate the way one
teaches and learns to be engaged in science (Eisenhart, 2001; Seiler, 2001). Typical themes
defining professional development for teachers include teacher best practices, inquiry-based
learning, content instruction, and effective classroom management (Rhoton & McLean, 2008;
Yow & Lotter, 2016). Often ignored in the professional development literature related to science
education is explicit attention to race and gender inequity in schools.
Purpose of the Study and Research Question
The purpose of this study was to explore science educators’ narratives about science
engagement and in/equity through the lens of leadership/followership. The guiding question for
this study was: How have participants become and led others to become engaged in science?
The sub-questions were: How are participants’ understandings of engagement related to
in/equity? How do they attempt to develop others’ sociopolitical awareness of inequity? I drew
on critical arts-based research methodology to explore how six science educators (i.e., mentors,
advisors, curriculum developers, teacher educators, teachers) have led the next generation to

4

become engaged in science. This exploration entailed understanding their formative experience,
and practice of engagement in science as well as how they understood socio-political and cultural
factors that mediated how science identities were socialized and engaged in relationship to equity
or inequity, engagement or disengagement, and leadership/followership.
Background of the Study
Although the phrase “science for all” represents an ideal motive for science education,
distinct gaps exist in how students experience science education and related outcomes. Since the
1800s, organizations like the American Association for the Advancement of Science (AAAS)
work to promote science and engineering disciplines. They also include efforts to promote
science development that is attainable to all individuals.
Black/White Test Score Gaps in Science Achievement
The data on student achievement in science reveal racial disparities. In 2015, National
Assessment of Educational Progress (NAEP) science results in grades 4, 8 and 12 across each
grade level reported a difference of 30 points for the White-Black score gap. Likewise, regarding
the White-Hispanic score gap, achievement levels differed between 24-32 points. Also, NAEP
highlighted science achievement gaps between gender (girls/boys) in grades 8 and 12 that were
notably undetected in grade 4. Similarly, Synder and Dillow (2016) confirmed achievement gaps
between African Americans and Whites who took Biology, Chemistry, and Physics classes.
Every year from 1990 to 2009, academic gains occurred for both groups, yet, Whites consistently
outperformed African Americans, in some cases by almost 10%. To foster student achievement,
standardized policies (i.e. No Child Left Behind) largely enforce uniform approaches (i.e.
assessments) (Norman, Ault, Bentz, & Meskimen, 2001).
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Formal Educational Leadership
Professional development mediates science education reforms. Diverse reform purposes
include student achievement, teacher leadership development, curriculum implementation,
teaching practices, classroom culture, gender equity, cultural responsiveness, and pedagogical
content knowledge (Brown & Crippen, 2017; Johnson et al., 2007; Penuel et al., 2007; Rhoton &
McLean, 2008; Supovitz & Turner, 2000). Teacher leaders receive guidance on content
knowledge and pedagogical content knowledge skills deemed necessary to improve student
engagement and/or achievement levels for marginalized groups in science classes (Kanter &
Konstantopoulos, 2010). Importantly, scholarship on students’ science achievement credit
professional development for bolstering teacher content proficiency effectively transform teacher
practice to enhance student content knowledge (Supovitz & Turner, 2000; Taylor, Roth, Wilson,
Stuhlsatz, & Tipton, 2017). Likewise, Rhoton and McLean (2008) suggest that teachers serve as
links between the curriculum and how/what students learn.
Teacher leadership plays a critical role in education, and key elements affecting how well
teachers enact that role in science education are content knowledge and pedagogical knowledge
(Kanter & Konstantopoulous 2010; Supovitz & Turner, 2000; Rhoton & McLean, 2008). While
much attention is given to how teachers encourage student engagement, less is known about
what types of engagement are meaningful in teacher leadership development among science
educators and, more specifically, how they promote student engagement and equity in science
education. Furthermore, research on African American/Black students in science education
usually focuses on professional development strategies that yield participation in ways that did
not center socio-political perspectives as a tool to refine “science for all” reforms.
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Most traditional science teacher professional development targets skill building in areas
like content knowledge, inquiry-based pedagogy, and scientific literacy (Kanter &
Konstantopoulos, 2010; Rhoton & McLean, 2008; Supovitz & Turner, 2000). Alternative forms
of professional development include reflexivity exercises around issues of multicultural
education, social justice, equity, and culturally responsive practices (Atwater et al., 2013;
Bianchini et al., 2015; Brenner et al., 2017; Brown & Crippen, 2016; Southerland et al, 2011).
Seemingly, diverse methods characterize professional development studies in science education.
For instance, professional development initiatives in education facilitate opportunities to refine
curriculum and instruction delivery through argumentation-based workshops, trainings in
project-based science, and analysis of practice (Kilinc et al., 2016; Mentzer et al., 2017; Taylor et
al., 2017).
Professional development for teacher leader reforms lack training that address curriculum
and pedagogical inequities from a social and political context in science (Mutegi, 2011; Tolbert
& Bazzul; 2017). Similarly, teacher leaders’ influence on science engagement was underresearched despite apparent links to student learning, which minimized science engagement to
solely descriptions about student interactions with science content and limited insight into
teacher preparation (i.e. understanding, criteria, implementation) (Milne & Otieno, 2007; Olisky,
2007). For example, a critique of 13 empirical studies on student engagement revealed less
attention given to teacher perspectives than curriculum to interpret engagement. To this point,
responsibilities for student engagement overlook teacher-related factors.
Informal Educational Leadership in Science
Teacher leadership development is a shared responsibility of the teacher and institution.
Overwhelmingly, institutionalized methods (i.e. teacher education programs, local/district
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professional development) facilitate this process formally and informally. Science studies
deemed “informal” purposely structure educational leadership to integrate curriculum/instruction
with culture, equity, and sociopolitical consciousness. In most cases, these approaches represent
symbolic calls to action against social, political, and economic inequities reflected in science
classrooms and the larger community (Brown et al., 2017; Hodson, 2004; Mensah, 2009; Tolbert
& Bazzul, 2017).
General accounts of equity-focused training involve diverse strategies (i.e. book club,
teacher talk, action research, drawings). Mostly considered informal to traditional methods of
teacher-directed instruction included recentering classroom dynamics to apply science content
toward social change or student empowerment. Exploratory and reflexivity designed research
rendered structured opportunities for teachers to view classroom scenarios from a student
perspective. For example, in 2011, Roehrig et al.’s study with early childhood teachers used
inquiry-based and culturally-relevant science teaching practices. Specific contributions, such as
improved inquiry practices and application of science to lived experiences, enhanced teacher
responsiveness toward science equity. This promoted the application of informal educational
leadership strategy methods to explore student engagement. Moreover, it introduced possiblities
to understand student engagement through an equity, cultural, and sociopolitical consciousness
lens (Bianchini et al., 2015; Brenner et al., 2016; Gore & Zeichner, 1991; Mensah, 2011; Zeidler
et al., 2009).
Rationale for the Study
Reportedly, scientists historically have refuted claims that science involves subjectivity
by framing it as an objective body of work that transcends cultures (Basalla, 1967; Hammond &
Brandt, 2004). Additionally, the exclusion of culturally influenced values contradicted arguments
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that U.S science education’s traditional foundation is based on Western (European) cultural
knowledge and is used to define scientific literacy (Asante, 1991; Giddings, 2001; Jegede &
Aikenhead, 1999; Kelly et al., 1993; Lee et al., 1990; Roberts, 2014). Continuing in this
tradition, student engagement is often conveyed in studies either quantitatively (as measurements
of interest using science scales), teachers’ views based on student participation, holistic
properties (behaviorally, cognitively, affectively), or student interaction with community
members (Brenner et al., 2017; Brown & Crippen, 2017; Hazari et al., 2015; Kanter &
Konstantopoulos, 2010; Milne & Otieno, 2007; Olisky, 2007). The relational process of
following/leading has not yet been used to understand how science educators and learners are
engaged in ways that result in long term engagement or widespread engagement with science as
a source of knowledge, societal change, or identity.
Life writings can help to map out the sojourning paths in science and attend to the
collection of perspectives and practices among the participant(s) (Hasebe-Ludt et al., 2009).
Indeed, life writings enable inquiry into factors that inform educational practices for the
individual and/or collective group of science educators. Multiple meanings and ways to interpret
experiences are included in life writings. However, educational leadership development
examples tend to render simple solutions separate from the consideration of more enduring and
complex explanations, proffering best practices formulas that ignore context. In English’s (2006)
article on leadership in education, he highlights behavioral/structural assessment limitations to
recognize that multiple meanings exist for situations and outcomes. Seemingly, a reductionist
approach becomes the norm for invalidating the complexity of life so as to ignore more personal
viewpoints. Life writings prioritize the individual, contextualizes meaning, and defines pursued
objectives.
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I executed a literary métissage from life writings to explore the lived experiences of
science educators. Ideally, textual constructions originating from memory and story characterize
literary métissage formatting style to combine individual experiences that resist polarizing
difference. Literary métissage’s autobiographical format involves the strategic examination of
other factors (i.e. social, political, cultural) from personal accounts to make meaning about
narrated experiences. Shared knowledge of repressed cultural traditions become potential
platforms to present tensions without offering assimilation or incorporation solutions. I offer my
background as an example of sojourning toward engagement in science with support from
scientists who have led the way and ensured that I was engaged in science learning as part of my
development as a culturally informed, socio-politically conscious learner.
Positionality and Background of the Researcher
I am an African American woman scientist and science educator who was raised
Christian in a middle-class family. Although experiences in K-12 schools with curriculum and
pedagogy suppressed my interests/talents in science, such as religious beliefs and scientific
beliefs were antithetical, my dad and grandmother socialized me to engage with science.
Through their guidance, my engagement in science developed as a professional around the
following five principles:
1.

To care for children as if they were my own;

2.

To teach across diversity;

3.

To welcome children to the learning environment every day;

4.

To strive toward greatness;

5.

To believe every child is born to achieve.
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These principles and relationships are the basis of my servant leadership philosophy of
education, which is focused on cultivating science educators who promote equitable science
education. The following excerpts are from an article in press. They further illustrate my
personal/professional narrative on leadership/followership to foster engagement in science and
equity.
Excerpt #1: Making Science Socio-Politically Relevant
The bar had been raised for student involvement in the classroom. I stood there, almost
invisible, in the front of the class absorbing their energetic chatter –’Wow! I didn’t know
that holding pee at my age could cause me not to be able to hold it when I get older.’
‘Did you see from the video how much urine is actually stored in your bladder?’ By day
three of the lesson, students were having random, unsolicited conversations about the
urinary system and how school-related policies restrained its proper function. The energy
was charged with opinions of how to confront, educate, and introduce new rules. I shared
with the students a method of roleplaying I wanted to utilize for that day’s lesson, and
without much convincing, they agreed to participate. The approach was Forum theatre,
developed by Augusto Boal, which involves creating a dramatic scene using oppressive,
everyday life events to find solutions (Boal, 2016).
Excerpt #2: Science Supports Equity
The students purposefully entered the classroom the next day, as if an unspoken agenda
had been set. Esther, the student whose action first caused me to create a lesson on the
urinary system that provided a social justice lens, raised her hand to speak. She explained
that the lessons and activities from the last few days had encouraged her and other
students to take action. The classmates chimed in at the mention of taking action – ‘We
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need clean bathrooms and not have to wait all day to use it;’ ‘The principal needs to
make some changes.’ Not wanting to appear as if I coached the students to take a position
or had deliberately incorporated one into the lesson, I responded with a series of
clarifying questions in order to structure the nature of their protest and goals they wished
to achieve. I asked, ‘What is the issue’ and ‘Who is being affected and in what way?’.
Many of the students were willing to articulate the reasons in front of the class, based on
what they had learned about the urinary system and why the effects of school policy
could be harmful. One student initially responded, “I just accepted the locked bathrooms
because I heard how other students trashed the place;” he later changed his mind after
understanding how the locked bathrooms negatively impacted his health.
Epilogue
For 19 years, I have taught science to every grade level between 6-12 and served in
leadership roles as head of the science department, new teacher orientation chair,
textbook adoption committee, site-based leadership team, and instructional science coach.
Collectively, those experiences informed how I think about equity, culture, and sociopolitical consciousness as ways of being engaged in science, being a science educator,
and leading to foster achievement in science.
Stories that include personal accounts of events and relationships open opportunities to
identify the source and construction of identity. Recognizing science as socially constructed
necessitates the development of an engaging science identity. Thus, identity becomes a collage
of sources and/or purposes. Therefore, engagement in science develops from distinguishing the
different narrators shaping one’s identity. Being attuned to social factors’ influence on identity
narratives facilitates the process of building engagement in science. Some scholars attribute
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dynamic classroom situations of students responding and adapting to learning as identities in
practice (Tan & Barton, 2008). Essentially, these experiences become identity builders, shaping
the perspective of self individually and socially (Sfard & Prusak, 2005). In this context, identity
becomes situational and dependent on factors beyond self. To counter, science identity advocates
for linking learning to the four tenets (culture, sociopolitical consciousness, engagement, servant
leadership/followership) in science education.
Science identity accounts for the process of meaning-making constructed through
personal experiences and societal structures. Carlone and Johnson (2007) describe the
contributions of self and society as working in tandem to cultivate what is considered a science
identity. Important to science research is discovering the source for gender and race gaps related
to disengagement. Some studies about student engagement in science measure student
interactions using four dimensions (behavioral, emotional, cognitive, and social engagement)
(Wang, Fredricks, Ye, Hofkens, & Linn, 2016). Among the four dimensions, three have a social
orientation, implying that social interactions dominate the construction of identity. According to
Sfard and Prusak (2005), storytelling is a way to close the gap of actual identity and designated
identity. These two sets of identity constructs reflect how we describe ourselves and the way we
become the product described about us. Moreover, both tell a story about the learner from
different standpoints and provide insight into the way the learner engages with science. Thus,
storytelling reveals the social and personal aspects guiding the development of identity.
Assumptions of the Researcher
The major assumptions I bring to this study are that people socialize and are socialized to
view themselves and science in particular ways. These ways may be congruent or incongruent
with dominant narratives that have been constructed over time about science, science education,
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and engaging with science (doing it/using it). A science identity could be developed through
leadership understood as educating, mentoring, advising, and sponsoring. For example, science
leaders who represent scientific inquiry, critical thinking, and application as important skills for
holistic development encourage cultural inclusiveness and engagement that constructs their
science identity.
Various factors affect how people are socialized and engaged in science, and people have
preferences for how they want to socialize or be socialized as well as engage/be engaged with
science and science education. However, the opportunities provided tend to rely on limited
social, physical, and political interactions. Working against the lack of multimodal opportunities
and dominant narrative of linear development and leadership requires a sociopolitically informed
leadership that is responsive to followers in an alternating or reciprocal relationship. I bring these
assumptions forward to make them transparent here and in the conceptual framework.
Importantly, the shared assumptions are based on my experience as a science educator, family
member, doctoral student, and emerging researcher as well as my review of the literature for this
study.
Definition of Key Terms
This section defines selected terms and phrases specific to this study in order to establish
a common language.
Educational (curriculum/instructional) leadership - For this study, the term educational
leadership references a direct role in science education regarding curriculum development and/or
instructional practices.
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Indigenous science –Acknowledges that all peoples’ knowledge of the world is affected by their
home communities and homelands; therefore, science is uniquely defined by every culture
(Ogawa, 1995).
Science identity - A sense of self, perceived ability level, and ambitions related to what a person
wants to do and achieve in science (as cited by Ashbacher et al., 2010).
Marginalized groups - A category for underrepresented populations affected by curricula and
instruction decisions.
Métissage - a method of collecting, representing, and critiquing knowledge through writing and
braiding autobiographical texts that describe/interpret experiences.
Conceptual Framework
The following framework challenges traditional approaches to the study of engagement
among students in science education by centering leadership as a relational practice alongside
Mutegi’s (2011) socially transformative curriculum approach to science education (see Figure 2).
His five-point mastery checklist assessment confronts and suggests inadequacies of traditional
science education and specifically refers to the importance of including social perspectives in
science education.
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Figure 2. Servant leadership, equity, and 6 “C” model in support of engagement in science

Servant-Leadership
Since 1970, the term servant leadership, first coined by Robert Greenleaf, characterized
Greenleaf’s description of a servant first mentality for those who lead organizations and people
within them. Greenleaf’s seminal work, The Servant as Leader, explains origins of servant
leadership in initial desires to (1) serve as a leader and (2) emphasize serving first in that
capacity (van Dierendonck, 2011). The servant leader works to build capacity in others without
expecting to be served in return. Purposefully, they maintain a spirit of accountability toward
mankind to cultivate greatness. Importantly, in research studies, identifying qualities of servant
leadership has served to distinguish it from seemingly similar concepts like transformational
leadership (Koshal, 2005; Parolini, Patterson, & Winston, 2009; Patterson, 2003; Russell &
Stone, 2002; van Dierendonck, 2011). Significantly, in 2003, Patterson’s research on servant
leadership introduced a working theory for this concept. Her work contrasts transformational
leadership theory with servant leadership. Distinctions exist in the targeted audience and goal.
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Transformational leadership primarily seeks the interests of the group, unlike servant leadership,
which pursues the followers’ needs individually.
Servant leadership, like other leadership types, embody character traits that are unique to
their role. For servant leadership, the list of attributes according to Patterson (2003) include: (a)
altruism, (b) empower followers, (c) act with humility, (d) exhibit love, (e) lead with service, (f)
are trusting, and (g) are visionary to their followers (p. 5). Other scholar descriptions for servant
leadership assign different qualifiers to represent this style of leadership. For Russell and Stone
(2002), servant leadership consists of 10 major attributes that include healing, awareness,
persuasion, and building community. These traits standout in comparison to Parolini et al.’s
(2009) evaluation of transformational and servant leadership, which revealed five areas of
distinction (moral, focus, motive and mission, development, and influence distinction) between
the two types of leadership.
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Figure 3. Three representations of characteristics of servant leadership adopted from Parolini et
al., 2009; Patterson, 2003; Russell & Stone, 2002).
The 6 “C” Model
Mutegi (2011) proffers a five-point mastery type checklist for social transformation.
Based on these categories - content, currency, context, critique, and conduct – marginalized
students (i.e. African Americans) purposefully engaged in science when science techers’
assessed students’ mastery in each. The following explains each mastery type.
1. Content required deep understandings about scientific concepts. Social transformation
occurred when students knew the dominant science codes and cultures to inform social
change, therefore, necessitating that marginalized students be positioned to master
content.
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2. Currency focused on connecting science and social issues. Here, student engagement
involved applying science content to unpack content relevance to lived experience.
3. Context could help personalize learning and foster inquiry into non-Western approaches
to science practices. Taking a broader look at scientific knowledge, habits, and traditions
expanded the utility of science for marginalized students.
4. Critique promoted critical consciousness. Science became a medium to analyze systemic
forms of oppression through explorations like the use of food as a social weapon.
5. Conduct set expectations for activist outcomes. Fully equipped at the close of the learning
process, students were expected to reflect on, question, and formulate ideas to improve
social conditions, which further defined the purpose for science engagement.
I have added to Mutegi’s model a sixth “C” for culture. Culture expanded interpretation by
encouraging ways of knowing, such as diverse behaviors and beliefs. This addition promoted the
norming of difference (Linton & Davis, 2013), so that students better understand non-traditional
forms of scientific knowledge.
Culture
The following three culturally centered approaches to education help make up the cultural
component of the conceptual framework for this study: Afrocentricism, African-centered
pedagogy, and culturally relevant science pedagogy. These three approaches to education have
been used in U.S. science education to incorporate historically marginalized students’ culture and
highlight efforts to promote equitable science education in response to current trends advocating
for equitable, culturally responsive, socially mediated approaches to science curriculum and
pedagogy (Atwater et al., 2013; Codrington, 2014; Mensah, 2011; Mutegi, 2011; Zeidler &
Nichols, 2009). These culture-based frameworks also bring attention to underperformance,
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disengagement, and low representation for African American/Black students in science-related
fields and point to how science identity might be described and constructed. The following
section explains how the integration of culture in each framework contributes to student learning.
Science education studies with a focus on culture situate the expression and influence of
culture in multiple contexts (i.e. learning, achievement, teaching) (Chinn, 2007; Eisenhart, 2001;
Lewis & Kim, 2008; Seiler, 2011). For instance, science research on the topic of learning in
schools suggests cultural clues (i.e. relational, social, traditional) inform teacher pedagogy
(Carlone & Johnson, 2012; Ladson-Billings, 1995/2006; Mensah, 2011; Seiler, 2013). Likewise,
Young (2014) agrees that learning through a cultural lens fosters student meaning making from
his or her life experiences. Consequently, lapsed and/or omitted opportunities to positively utilize
culture in diverse schools serve to further marginalize groups and reinforce cultural inequity
within science education (Aikenhead, 1997; Ladson-Billings, 2006).
Most students attend schools where science is primarily from a Eurocentric perspective
(Jegede & Aikenhead, 1999; Lee et al., 1990; Ogawa, 1995), which disadvantages learners.
According to Murrell (2012), effective pedagogy embodies a unification of frameworks that
reflect “human cognition, learning, and development” based on theory and practice (p. x). His
plan consists of five pedagogical frameworks that address the role of history, culture, politics,
and other developmental considerations that influence the academic achievement of African
American students. Three of the five pedagogical frameworks he presents explicitly include
“culture” while the other two implicitly acknowledge the influence of culture on one’s
understanding and learning: (1) communities learning, communities of caring, (2) culturally
responsive, culturally synchronous, culturally relevant teaching, (3) teaching for understanding,
constructivist teaching, (4) situated learning theory, (5) cultural communities as ecosocial
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systems for identity development. The exemplary pedagogical practices he extracted from
African American culture to reinforce critical aspects that advance educational attainment and
academic achievement included: (1) Identity development practices, (2) Community integrity
practices, (3) Practices of inquiry and reappropriation, (4) Meaning making practices, (5)
Engagement and participation practices. Theoretically, these frameworks and practices are
intended to support inclusive reforms to the curriculum that reflect African Americans’ unique
combination of learning styles (intrapersonal, interpersonal, cultural symbolic) (Murrell, 2012).
Building from Ladson-Billings’ (1992/2014) theoretical descriptions of an educational
framework, Culturally Relevant Pedagogy (CRP) for multicultural classrooms is culturally
relevant science pedagogy (CRSP). Johnson (2011), Mensah (2011), and Milner (2016) suggest
the incorporation of culture and K-12 students’ perspectives in order to provide them with
authentic opportunities to connect with taught science concepts. Because individuals are shaped
by influences and beliefs learned through culture, traditional science instruction under-utilizes
cultural capital in diverse classrooms to engage and maximize student learning (DarlingHammond, 2007; Young, 2014).
Socio-political Awareness
Related to servant leadership’s dimensions of stewardship and empowerment and
Mutegi’s discussion of critique is socipolitical awareness of inequities and their existence in
science classrooms. Commonly, individuals respond to inequities according to the ways they are
socialized by others. Regardless of science teacher willingness to promote equity for attending
students, the awareness of inequities must be known. Hence, a socio-political perspective is
important for discerning inequities. Notably, identifying sources of inequity range for studies that

21

examine student participation in science education (Beghetto, 2007; Cavallo & Laubach, 2001;
DeBacker & Nelson, 2000; Kelly & Sheppard, 2009; Ryu, 2015).
Most solutions rendered for social inequity’s influence on science education propose a
socio-political approach to curriculum and pedagogy development. Curriculum efforts to
provoke critical consciousness on a social level bare witness to conceptual frameworks that
encourage social transformation, social justice activism, and ecojustice. Often, socio-political
perspectives instigate mergers and the critique of social and political factors. Likewise,
movements for social equity tend to spur reforms that politicize science education. According to
scholars, real change in science education requires adjustments to current ways of doing science
that exclude marginalized groups. A sociopolitical turn is what Gutierrez (2013) suggests to
describe efforts to rethink the implications of dominant norms on math education. Trending in
science, however, are ways to elevate students’ socio-political consciousness for self-sufficiency
and social change.
Overview of the Methodology
This study constructed a métissage of weaved journeys related to science engagment and
science in/equity, that uniquely incorporated life writing and arts-based methods. I used the
narrated journeys with artifacts (drawings) constructed by the participants to engage them in
reflexivity exercises that prompted their experiential reactions. Emphasis on arts-based methods
to articulate ideas about equity/inequities potentially centered one’s thoughts and actions to help
to identify ways teachers’ promote, consider, ignore, conceptualize, and understand equity and
engagement through socio-political science education. Their reactions to these literary and visual
narratives were analyzed and used to further generate data.
Delimitations of the Study
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This study asked participants to recall K-20 memories connected to their pursuits of a
science/STEM-related career. The participants had earned an undergraduate and/or graduate
degree in science. Participants out of the field (non-science majors) obtaining certification in
science through alternative options (i.e. state certification test, alternative certification programs)
differed from science major participants’ experience and career preparation in science and may
have unique experiences and insights concerning student engagement in science education.
Anticipated Outcomes of the Study
This study aimed to research leadership in science engagement of science educators. I
emphasize learning about science leaders understandings of the phrase “science engagement” to
bring attention to the limitations of practices that exclude the diversity of thought and action.
Because gaps in learning exist in science and associated with engagement, I am interested in
exploring through narrative and arts-based methods how individuals express being engaged in
science. I believe from the presentation of individual accounts it will begin the work of
expanding how engagement in science is framed and studied.
To offer a more inclusive form of science education requires that we do not expect to
come to one standard answer for determining an individual’s engagement. Taking an arts-based
approach in my methods and conducting a narrative inquiry reflects on my expectation to receive
diverse meanings of engagement from each participant. In analyzing data from the collected
artifact and autobiographical accounts, the information will reveal how socio-cultural and
political factors heavily influence engagement for groups that are marginalized in science
education.
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CHAPTER TWO
REVIEW OF THE LITERATURE
Introduction
I focused this review of literature on research on equity and science education to provide
a synthesized account of scholarly literature from empirical studies with an emphasis on
exposing inequities (Johnson, 2007/2011; Meyer & Crawford, 2015; Palmer et al., 2011; Perna et
al., 2010). The questions guiding this review were: How are inequities addressed in studies on
the teaching of science education? How are students and educators understanding engagement
through teaching/learning, preparation, and professional development? The strands of literature
I reviewed are: students’ socialization in science education, narrative analysis of small stories,
science engagement, teacher education programs, and professional development for science
teachers.
I gathered articles from two University of South Florida library search engines, Google
Scholar and Web of Science, using the following key terms: science education, equity,
environmental science, physics, nature of science, biology, and professional development. Of the
articles provided from an international search, I only selected those reporting on empirical
studies focused on science and equity-related issues. I further narrowed the sample by content,
selected studies that addressed race, gender, culture, political, and economic forms of inequities
in schools to explore shifts toward equitable science education. In preparation for this study, I
recently read three books, African-centered pedagogy: Developing schools of achievement for
African American children, Deep Knowledge, and Teaching science for social justice.
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The scope of the literature reviewed included recent articles dated within the last five to
seven years from various parts of the world, including Australia, New Zealand, and Canada.
However, the majority of sources came from the United States. This sample provides an account
of the knowledge and methods used to address science inequities through curriculum and
pedagogy, beginning with student perspectives and followed by achievement and empowerment,
K-12 approach to science engagement, correlations between science inquiry and science
engagement, science engagement research in schools, sociopolitical perspectives and science
engagement, and critical thinking development and science engagement.
Students’ Socialization in Science Education
Student perspectives
Miller et al.’s (2006) quantitative study on gender inequity with 79 high school science
girl students, grades 10-12, rated low for interest, engagement, and self-concept in comparison to
boys who dominate the field of science. Findings revealed that student perspectives stemmed
from the learning environment and childhood socialization, suggesting that external factors (i.e.
social, culture) reinforce negative perspectives about girls in science and science-related
opportunities.
Scholars noted that student beliefs, views, and foundational knowledge about scientific
concepts originate from/through social interactions (Cavallo & Laubach, 2011; Mutegi, 2011;
Walls, 2012; Zeidler, 2009). Likewise, literature confirmed teacher influence on student
engagement with nature of science conceptualization and application (Abd-El-Khalick, 2013;
Kampourakis, 2016; Williams & Rudge, 2016). Studies with a nature of science inquiry lens
showed unbalanced literature representations of researcher focus on the teachers’ perspective,
integration, and understanding evidenced by instruction (Dager & Erduran, 2016; Hansson &
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Leden, 2016; Campanile et al., 2013; Abd-El-Khalick & Lederman, 2000). However, in a critical
hermeneutic study with 24 African American third graders, Wall (2012) explored student
perspectives on nature of science. Importantly, Wall’s (2012) study particularly attended to the
less known opinions of African American student perspectives on nature of science classroom
instruction. Further, his research findings revealed distinctions in the role of science, student
excitement, and self-efficacy for elementary school age African Americans.
Similar studies investigated student perspectives in science. Furman and Barton (2006)
and Robinson and Ochs (2008) provided insight into curricular and pedagogical changes that
stimulated student learning, engagement, and achievement. These types of studies revealed that
student perspectives and teacher practice influenced the way students engaged with/in science
education.
Achievement and Empowerment
Attaining student proficiency, access, voice, identity, and inclusivity in diverse U.S.
science classroom environments were some issues associated with concerns about equity
(Bianchini et al., 2015; Bianchini & Cavazos, 2007; Brenner et al., 2016; Brown, 2004; Furman
et al., 2006; Cavallo & Laubach, 2002; Kelly, 2013; Kelly & Sheppard, 2009; Ryu, 2015). Two
studies, mixed method and phenomenological, examined sources supporting student science
enrollment decisions and teacher implementation of science content (Cavallo & Laubach, 2001;
Kelly, 2013). Cavallo and Laubach’s (2001) study explored low/high student outcomes and
low/high teacher practice; the second study by Kelly (2013) examined disparities related to the
participation of underrepresented students in physics courses and teachers’ perspectives. Though
each study varied in its focus on perspectives (students, teachers), both concluded that traditional
curriculum and instruction had the potential to negatively impact underrepresented students.
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There are several reasons identified for the inequities in science achievement: lack of
information, access, deficit attitudes toward science from students, and deficit practices by
science teachers for underrepresented groups (Atwater et al., 2010; Bianchini et al., 2002; Curran
& Kellogg, 2016; Mensah, 2009; Norman et al., 2001; Southerland et al., 2011). Relatively few
studies, particularly those focused on advanced sciences like physics and Advanced Placement
(AP) biology, explicitly framed U.S. related inquiries toward student development outcomes,
such as critical thinking skills, needed to confront inequity (Ryu, 2015). For example, Cavallo
and Laubach’s (2001) study investigated student science perceptions and enrollment decisions
based on a learning cycle tool that simply engaged in fact-finding procedures. This was a study
looking at student differences between high/low paradigmatic teacher instruction and high/low
inquiry. Further, the study found that student awareness and advocacy toward equitable science
education happened through development of critical thinking skills. Notably, the suggested
options to seek equal distribution of high/low paradigmatic classes. Elsewhere, equity manifested
in efforts to promote student empowerment through science education (Barton et al., 2016;
Birmingham & Barton, 2014; Karahan et al., 2017; Schindel, 2016).
In a case study, Dimick (2012) explored how nine African American/Black students
experienced empowerment and how a male teacher facilitated empowerment experiences for his
students. Further, his study explored the under theorized nature of social justice education in
science. He found that teacher inexperience in effectively facilitating the action project combined
with shared student feelings of confusion were alleviated with ongoing group reflections about
social justice classroom experiences and listening to student reflections of their work.
Birmingham and Barton (2014) researched a collaborative teacher/student model to
advance social justice from a place-based framework. Evident in the design and research
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questions was the belief that communication and collaboration between the teacher and student
must exist. The six African American female students in the study performed an “educated
action” that required them to intersect science and place-based understandings. The study
participants from fifth, sixth, and seventh grade demonstrated a depth of scientific knowledge
and critical understandings on the sociopolitical issues related to their community. Reliance on
student-centered approaches for curriculum design and implementation expanded opportunities
for the underrepresented groups to contribute in science classrooms.
Empowerment and achievement outcomes reflected when underrepresented students
experienced the autonomy to design and implement a scientific inquiry. Non-traditional science
curriculum and pedagogical strategies for example, became an important part to the capacity
building process for underrepresented groups.
K-12 approach to science engagement
Curriculum and instruction guidelines placed importance on the role of student
engagement. Most inquiries that addressed the need for student engagement suggested behavioral
options to increase engagement using interaction rituals or emotional energy (Milne & Otieno,
2007; Olitsky, 2007). Some researchers’ descriptions reflected subjective guidelines based on
physical behaviors and other researchers suggested structural, contextual and social cues
contributed toward science engagement (Hazari et al., 2015; Milne & Otieno, 2007; Olitsky,
2007). Typically, there were four main indicators of science engagement: (1) physical behavior,
(2) structural, (3) contextual, and (4) social cues (Hazari et al., 2015; Milne & Otieno, 2007;
Olitsky, 2007). Generally, each indicator was measured among educators based on universal
standards. Despite the complexity to conceptualize student engagement in science,
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overwhelmingly, the phrase student engagement became synonymous with student learning
(Butler-Kisber & Portelli, 2003; Hazari et al., 2015).
Correlations between science inquiry and science engagement
According to Robert Karplus’s 1950/60s learning cycle model, science teaching and
curriculum design influenced student inquiry and learning. Notably three phases, exploration,
term introduction, and concept application, characterized the model's framework. This concept
introduced high/low paradigmatic descriptors for teacher instruction style. From Cavallo and
Laubach’s (2001) mixed method study, they contended that differences between teacher directed
low or high paradigmatic inquiry levels had positive or negative consequences on student
attitudes about science. The belief that teacher instruction during learning cycles predicted
student high/low paradigmatic outcomes implied high paradigmatic inquiry fostered more
engagement then low paradigmatic with minimally observed student inquiry. Overwhelmingly,
such observations were seen to impact student engagement in science.
Cavallo and Laubach’s (2001) study identified a significant correlation between positive
student attitudes in science with high paradigmatic inquiry outcomes and low paradigmatic
inquiry to a student’s averse attitude toward science. For instance, males demonstrated
enthusiasm toward science in high paradigmatic learning cycles. Data also showed connections
to enjoyment, motivation, and feeling supported by teachers based on high and low paradigmatic
learning cycles. Additionally, gender had been found to be a factor in how girls exposed to high
paradigmatic learning cycle classrooms opted to pursue science elective courses. However,
gender-related issues represented a small number of independent studies on student engagement
linked to K-12 science curriculum and instruction (Farinde & Lewis, 2012; Sadler et al., 2012).
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Both Cavallo and Laubach (2001) and Miller et al.’s (2006) research used the students’
voice to explore structures of inequity in science. Collectively, each study illustrated dominant
patterns of student learning based on curriculum, pedagogy, social, and political factors. Hence,
studies that conveyed the voice of the student provided insight around science inequity related to
engagement.
Science engagement research in schools
Science education K-12 studies addressed diverse topics involving curriculum and
teacher pedagogy. Researchers Mensah (2011), Milner (2016), Mutegi (2011), Zeidler and
Nichols (2009) suggested limitations existed to curriculum development and teacher practices.
To this point, emphasis on merging scientific concepts and social issues, aligning science
curriculum to cultural clues, and facilitating social transformation among marginalized groups
illuminated various study initiatives to reinforce inclusive science education. Importantly, equity
issues or descriptive studies about academic achievement usually associated engagement as
proof that students were learning. Among curriculum and instruction examples, social and
political inequity contributed to student disengagement in science (see Figure 4).
Other contributors were (1) race, gender, culture; (2) student voice; (3) course access; and
(4) studies abroad. They influenced student participation, science identity, and achievement
outcomes. Empirical studies on science engagement were conducted outside the United States, in
countries like Canada, Israel, and Germany.
Current investigations in science lacked a sociopolitical lens to observe how teachers
understood science engagement. Instead of studying teachers, scholars focused on engaging
students’ sociopolitical lens to combat science inequities (Bazzul, 2015; Otoide & Alsop, 2015;
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Tolbert & Bazzul, 2017) and calls into question how teachers understand or interpret student
engagement and in what way it was nurtured in their practice.

Figure 4. Factors that contribute to student disengagement in science from curriculum and
instruction inequities.
Thus far, I have presented literature gaps on the background and problem of science
engagement from a teacher’s perspective. In the following section, I discuss science education’s
use of a sociopolitical lens to cultivate science engagement that promoted equity.
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Sociopolitical Perspectives and Science Engagement
Building on conceptual frameworks for positioning sociopolitical consciousness in
science education, I identified opportunities to redefine science engagement in schools in support
of equitable learning environments and communities (Hadzigeorgiou, 2015; Hodson, 2004;
Otoide & Alsop, 2015; Roth & Désautels, 2002; Tolbert & Bazzul, 2017). For instance, Tolbert
and Bazzul (2017) used Jacques Ranciere’s sociopolitical approach and dissensus research to
transform thoughts on pedagogy toward radical equality.
Hodson (2004) argued Science and Technology Studies (STS) trends in science education
reflected apolitical curricula practices. He argued that politicizing science education could be
realiszed when student critical consciousness is developed through the enactment of social
justice. Inspired work by Jacques Ranciere, Otoide, and Alsop (2015) applied his radical equality
theory in an elementary science classroom to demonstrate the possibilities and tensions with
political work. The authors highlighted ways to make meaning and defined roles for teacherresearchers to reinforce equality in education. Examining socio-political action, Hadzigeorgiou
(2014) directly associated student benefits of applied critical thinking skills, like linking school
and society, meaningful experiences, and empowerment as citizens with science education.
Critical Thinking Development and Science Engagement
Teacher implementation of curriculum and instruction directly impacted student
engagement in science classrooms. Student data at the local and national level highlighted race
and gender disparities. In science, for instance, African American/Blacks compared to European
students differed on standardized assessments, presence in STEM-related fields, and enrollment
in advanced level science courses (Allen & Eisenhart, 2017; Aud et al., 2010; Farinde & Lewis,
2012; McLaughlin, 2014; Norman et al., 2001; Palmer et al., 2011; Robinson & Ochs, 2008;
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Ryu, 2015; Seiler, 2001). Because social, cultural, and political norms influenced perceptions of
engagement as synonymous to learning, education reforms included engagement to increase the
underrepresentation of marginalized groups.
In a quantitative study with two 10th grade environmental science classes, Siegel (2006)
examined variations in decision making about sustainability using a control and experimental
group. Only the experimental group received a Convince Me computer program scaffolds
evidence-based decisions. The results showed differences in evidence and tradeoffs between the
classes. Findings confirmed significant gains in evidence-based decisions for the experimental
group, notably, in students’ ability to think critically.
In an ethnographic study, Ryu (2015) observed how Korean students new to the United
States were positioned in diverse science classrooms. From the findings, positioning practices for
new Korean students were considered inequitable. Notably, both teacher and students failed to
confront the inequitable practices in AP biology classes. As a result, students lacked the
preparation to identify inequities and advocate for social change. Ryu’s participant reaction
differed from Dimick’s even though each study focused on inequities in science. Dimick’s
(2012) study used an environmental issue to facilitate student empowerment and acknowledged
the inequities, unlike Ryu’s study, where students and teachers took a more passive approach to
the situation. Although Dimick’s study identified social inequity participants, each study failed to
progress beyond awareness to promote activism. Despite a stated purpose among the presented
studies to explicitly connect social issues with science education, most participants represented
in each study remained in the awareness stage of inequities (Cavallo & Laubach, 2001; Dimick,
2012; Kelly, 2013; Kelly & Sheppard, 2009; Miller et al., 2006; Ryu, 2015). Notably, Siegel’s
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(2006) study reflected student gains in critical thinking skills and advocacy for social equity in
science.
The reviewed literature section of four major science disciplines (biology, chemistry,
environmental science, physics) revealed inequitable sources within the field of science
education. Findings from the studies highlighted how inequities influenced the development and
implementation outcomes for science curriculum and instruction. Additionally, research on the
perspectives of teachers and students in science education revealed shared themes across studies
that investigated inequitable science education. However, the next section, Teacher Education
Program, described the curricular and pedagogical development for preservice teachers in
science.
Teacher Education Program (TEP)
Ideally, U.S. teacher education programs (TEP) set standards for beginning teachers in
science education to understand the role and function of curriculum and pedagogy. Professional
development (PD), however, became the medium that builded upon TEP foundations to update
teacher skills with innovative practices. Collectively, TEP and PD influenced the field of science
education with innovations, theories, and studies to improve curriculum and instruction.
Most TEPs originated from public and private colleges and universities for education
majors or individuals seeking teacher certification. Teacher skill development as expert
facilitators of curriculum and pedagogy became the guiding framework in TEPs that educate and
prepare future classroom teachers. Professional development, unlike TEPs, was not specific to
colleges or universities. In educational contexts, however, professional development implied
curriculum and/or pedagogy training improved (i.e., student learning, equity, and teacher content
knowledge).

33

The teacher education program (TEP) section defined its purpose as professional support
to aspiring teachers in the field of science education. Similarly, professional development helped
to build teacher capacity in the field of science education. The literature review provided an
account of TEP’s skill building efforts on aspiring teachers in U.S based colleges and
universities. To explore these efforts, first, I present empirical studies for TEPs from
universities/colleges that discuss curriculum and pedagogy program focused objectives. Second,
I discuss professional development in context of diverse strategies used to promote equitable
science education.
Teacher Education Programs
Science education TEPs include diverse focused areas ranging from subject specific
topics (i.e. biology, chemistry, environmental), teacher biases, self-efficacy, reflective teaching,
content knowledge, and multiculturalism to constructing coherence (Gore & Zeichner, 1991;
Grossman et al., 2008; McKeown-Ice, 2000; Mensah, 2009; Moseley et al., 2002; Van Driel et
al., 2002; Verma, 2009). Regardless of the curricular and pedagogical focus, TEPs generally
target the educational needs of an individual/community/society for preservice teachers
(Bianchini & Brenner, 2009; Moseley et al., 2002; Mensah, 2009; Verma, 2009).
University approaches to curriculum and pedagogy training for preservice teachers
utilized diverse methods (Atwater et al., 2010; Bianchini et al., 2002; Mensah, 2009; Moseley et
al., 2002; Van Driel et al., 2002). For example, Mensah (2009) and Moseley et al. (2002)
conducted non-traditional equity-focused development studies on preservice teachers enrolled in
a university methods course.
Framed as a book club, Mensah’s (2009) ethnographic study on 23 preservice elementary
teachers explored multicultural understandings pertinent to science teaching and learning in
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urban schools. Elsewhere, Moseley et al.’s (2002) quantitative three-day outdoor environmental
education program study for 72 preservice elementary teachers examined influences on teacher
self-efficacy and outcome expectancy on student learning. Similarly, Mensah (2009) and
Moseley et al.’s (2002) study on preservice elementary teachers model contextualized science
within familiar social activities/interactions.
Patterns that connected participant lived experiences to science content existed in other
related studies on TEPs. To this point, identity discourse, multiculturalism, and reflexivity topics
in TEPs incorporated autobiographies, drawings, narrative images of inquiry, and video clips as
methodological design tools (Dietz & Davis, 2009; Hsu et al., 2017; Mensah, 2011; Pennock &
Schwartz, 2012). Influences of diverse methods became evident in PD strategies.
Professional Development For Science Teachers
The role of professional development (PD), particularly in science, involved different
purposes for enhancing teacher skills. In April 2013, the science community experienced a
paradigm shift in education reforms. After a three year design period, Next Generation Science
Standards (NGSS) emerged to restructure science education expectations and teacher practice
(Bybee, 2014; Pruitt, 2014). With new strategies to frame science education, reform efforts
surfaced that prepared teachers to implement NGSS.
Traditional science professional development, however, mediated teacher skill building
in content knowledge, pedagogy, classroom culture, and inquiry-based instruction (Supovitz,
2000; Yow & Lotter, 2016). Breaking from state developed science standard models that
critiqued student expectations based on sources in the field (i.e. National Science Education
Standards, National Research Council) professional development evolved to incorporate NGSS
performance expectations (PE) (Pruitt, 2014). This modification merged inquiry and content
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standards whereas, in the past, it had been separate from inquiry to place emphasis on content
knowledge.
Typically, professional development was the considered change agent, which was evident
in the broad scope of purposes for PD. For example, PD was structured to investigate science
equity from teacher dialogues, self-reflection, and explorations (Atwater et al., 2013; Bianchini
et al., 2015; Brenner et al., 2016). Specific to professional development was the perception that
PD effectively met the goal to prepare teacher leaders and gain an understanding for future
reforms. Therefore, studies about teacher experiences in diverse classrooms provided insight into
equitable science education hurdles related to teacher socialization (Rhoton & McLean, 2008;
Southerland et al., 2011). Additionally, science inequity findings presented unconventional ways
to understand and advance equity in science education (Milner, 2016; Mutegi, 2011; Rodriguez,
2001; Zembylas, 2005).
The NGSS framework introduced a twenty-first-century vision for scientific literacy.
Indeed, transitioning from theory to practice involved goal setting to navigate the process. For
Radford (1998), teachers who possessed specific skill sets (i.e. content knowledge, process,
inquiry pedagogy) effectively instituted education reforms. Because science education was
dynamic, providing teacher support was essential. Efforts through teacher professional
development reinforced policies for curricular/pedagogical standards (Haney & Lumpe, 1995;
Porter et al., 2003). Such guidelines benefited NGSS’s vision for science education to outline K12 learning experiences for students. However, instituting reforms goes beyond creating action
plans. Instead, PD primarily facilitated implementation.
Most PD protocols involved different formats and spaces (Haney & Lumpe, 1995; Heath
et al., 2010; Lumpe et al., 2012). For example, one format is onsite peer to peer training, known
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as professional learning communities (PLCs). Despite PLCs teacher-centered learning structure,
limiting factors existed within them, like teacher time and facilitating teacher collaboration,
which influenced reform implementation. Seeking other format options prompted exploring
different ways to contextualize effective teacher learning communities (Dufour, 2004; Stoll,
Bolam, McMahon, Wallace, & Thomas et al., 2006; van Es, 2012). Project-based, arts-based
inquiry, and multicultural represent alternative professional development strategies for teachers
(Atwater et al., 2013; Hegedus et al., 2016; Herro & Quigley, 2017; Holmes, 2002; Koester,
2014; Mensah, 2009; Mentzer et al., 2017; Rhoton & McLean, 2008; Watts, 2001;Yow & Lotter,
2016). Therefore, the next sections discuss how each alternative strategy (project-based, artsbased inquiry, and multicultural) impact science education.
Project-Based Learning
Student scientific literacy goals generated diverse appeals for curricular and/or
pedagogical options that promoted this effort (Brown et al., 2005; Holbrook & Rannikmae, 2009;
Roberts & Bybee, 2014). Often, scientific literacy was measured against student performance
levels on national science standard (i.e. Common Core, NGSS) test scores. Indeed, aligning
teacher practice to effectively implement science curriculum became the prioritized objective of
most professional development (Supovitz & Turner, 2000; Yow & Lotter, 2016). Therefore, both
the learner and educator experiences as facilitator and recipient influenced teacher practice and
student engagement.
Notably, methods varied to optimize teacher professional development. For example,
Project-Based Learning (PBL) represented an instructional technique that utilized a studentdirected framework for scientific inquiry guided by support systems (i.e. teacher, technology,
collaboration). Further, PBL expectations included student-directed initiatives for real-world

37

problem solving that enforced traditional procedures (asking questions, investigating, data
analysis, reporting findings) (Jenkins, 2011; Mueller & Tippins, 2012; Reis et al., 2015).
Project based learning studies examined teacher practice to explore how teachers
understood and implemented curriculum (Herro & Quigley, 2017; Mentzer et al., 2017; Rhoton
& McLean, 2008; Yow & Lotter, 2016). PBL was a professional development tool. Observations
on PBL designed PD studies deliberated between structure and duration impact on teacher
classroom effectiveness (Johnson, 2006/2007; Paik et al., 2011; Penuel et al., 2007; Supovitz &
Turner, 2000). Rhoton and McLean (2008) and Yow and Lotter (2016) used PBL to design twoweek professional development studies.
Data from both studies highlighted important information about teacher practices. Rhoton
and McLean (2008) concluded that shifts to professional development focus from content to
pedagogical strategies enhanced teachers’ ability to improve student learning. Similarly, Yow
and Lotter (2016) discovered that (1) teachers’ professional development experiences effectively
impacted pedagogical strategies that resulted in best practices and (2) trainings guided teachers
to place emphasis on delivering relevant, meaningful math and science lessons.
Elsewhere, Mentzer et al.’s (2017) study introduced perspectives about the utility of
PBL’s influence on teacher practice. They contended that teachers misunderstood PBL
implementation, despite alignment to national standards. Intentional teacher resistance to enforce
student-directed instruction received blame. Additional barriers, like power dynamics and time
factors, interfered with student autonomy and PBL implementation versus regular science
content. Collectively, all three PBL studies claimed inquiry practices improved when
professional development targeted teacher pedagogical content more than content knowledge
(Mentzer et al., 2017; Rhoton & McLean, 2008; Yow & Lotter, 2016).
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Arts-Based Inquiry
Art as a medium for self-expression provided a differentiated method to learn science
content. The reference to “arts-based inquiry” in science, especially in research, referenced
multiple study techniques (drawings, photos, music, poetry, stories, drama) (Hegedus et al.,
2016; Holmes, 2002; Koester, 2014; Watts, 2001). The integration of art and science education
introduced diverse ways for student demonstration of knowledge and ability (Holmes, 2002;
Turkka, 2017). Also, teacher-directed use of art to present science content offered alternative
ways for learners and educators to conceptualize and apply science. For example, Hegedus et al.
(2016) conducted a study with a high school biology teacher and 36 students. The informal
learning environment facilitated cell biology content using three phases of nontraditional
approaches to align with the Next Generation Science Standards (NGSS). Students guided by
criteria to develop models (physical, conceptual) participated in phase one’s eight lab station
activities, phase two’s eight-week project on research inspired art production, and phase three’s
art exhibit of student work. The authors reported potential gains in student interest, collaboration,
and creative elaboration of ideas about science concepts.
Generally, arts-focused studies in science represented opportunities for student inquiry
that fostered creativity while engaging science content (Herro & Quigley, 2017; Holmes, 2002).
Elsewhere, the use of arts in STEAM enhanced the experiential aspect of student learning
through a transdisciplinary lens that nurtured diverse problem-solving perspectives (Kim &
Bolger, 2017; Herro & Quigley, 2017). Notably, evidence showed that science studies used an
arts platform to mostly direct student attention to real-world problems related to environmental
issues and promote creativity (Curtis, 2011; Quigley et al., 2017). Recent studies by Hegedus et
al. (2016) and Sochachka et al. (2016) demonstrated the vast purpose for arts integration in
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science. The multiple authors intended to explore arts’ impact on student creativity and interest
in STEM exemplified arts compatibility in science education. Ultimately, as revealed by the
previous examples, arts-based inquiry in science education confirmed art merged with science
stimulates human activity.
Multicultural Science Education
Ideally, multicultural science privileged “[t]elling ourselves our own stories…” (cited in
Ladson-Billings, 1992, p. 378) from lived experiences to contextualize science content. For the
educator and learner, engagement was restructured to acknowledge other ways of knowing in
science. School-based suggestions for multicultural science curriculum cultivated comparisons
between cause and effect issues and universalistic approaches to student learning (Cobern &
Loving, 2001; Meyer & Crawford, 2015; Ogawa, 1995; Verma, 2009). Multiculturalism and
universalism’s role in science education maintained different connotations (Cobern & Loving,
2001; Meyer & Crawford, 2015; Siegel, 2002).
According to Corbern and Loving (2001) and Meyer and Crawford (2015), indigenous
knowledge was supplanted by Western science, necessitating that multiculturalism be taught in
schools. Instead, Siegel (2002) contended similarities between multicultural and universal
standpoints of science existed more than differences. Some debates on multicultural science
curriculum to universalism argued both promoted or impeded equity, agency, and diverse ways
of knowing (Siegel, 2002; Stanley & Brickhouse, 1994). However, restructuring science
education to provide inclusive opportunities for all ethnic groups suggested a turn from
traditional western canonical thought to multiculturalism (Giddings, 2001; Ogawa, 1995; Stanley
& Brickhouse, 1994).
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Multicultural science professional development explored social, political, and cultural
issues to understand and model effective teacher instruction (Atwater et al., 2013; Mensah,
2009). Research from Meyer and Crawford (2015) and Moore’s (2007) multicultural studies
provided strategies on how to observe student responses and integrate them into science
classrooms. In Moore’s (2007) study, she observed teacher coping strategies while Meyer and
Crawford’s (2015) study examined facilitation procedures for student engagement through
multiculturalism. More specifically, Meyer and Crawford’s (2015) study used instructional
strategies referred to as “multicultural inquiry” on Latino students during a multicultural inquiry
for a geological investigation. The authors contended that multicultural inquiry enhanced student
learning of the content and encouraged a science identity. Moreover, they concluded
instructional practices using multicultural inquiry allowed for the integration of student views,
therefore increasing interest in pursuing scientific careers.
Elsewhere, Moore’s (2007) study explored how three teachers’ use of personal
knowledge regarding economic, social, and institutional factors influenced student educational
experiences. Her findings suggested that weaving personal narrative and teacher pedagogy
helped students overcome science embedded social, economic, and political obstacles.
Multicultural science directed professional development studies reported varying outcomes. For
example, Mensah (2009) attributed building teacher multicultural skills a step toward equitable
science education.
Significantly, other multicultural science studies, including Atwater et al. (2010) and
Verma (2009), reported no teacher transformation. Arguably, variables like sample size and
methodology influenced data results. However, other external factors like university coursework,
prior knowledge, and experience with multicultural education-related topics equally influenced
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participation levels (Atwater et al., 2013; Verma, 2009). Science multicultural studies about
teacher professional development yielded some insight into teacher perceptions, practice,
successes, and struggles to promote equitable science education (Bianchini et al., 2002;
Bianchini & Brenner, 2009; Bianchini & Cavazos, 2007; Southerland et al., 2011). Further, both
studies provided teacher and student perspectives on the presence and/or absence of multicultural
science education.
Summary of the Review
This section outlined the considered inequity, methodology, participants, findings, and
recommendations specific to each study. Further, I discussed themes related to the following
issues: student/teacher perspectives, gender, empowerment, availability, achievement,
participation, and critical thinking development. Collectively, this overview amplified and
situated inequitable conditions using empirical studies on science education in U.S. schools.
Findings from this literature review suggest past and present models for science
education lacked inclusive learning frameworks. Represented differently, science education was
created to teach science content for some, not all, students. Decidedly, curriculum and style of
pedagogy, therefore, reflected strategies to sustain educational standards for the dominant
culture. Literature confirmed cases of exclusion through curriculum and pedagogy. Supplemental
strategies to science curriculum and pedagogy, like culturally relevant, culturally responsive,
place-based learning or socioscientific issues, suggested missing components existed. To extend
this point further, student perspective, for example, acknowledged different ways of knowing
and interacting with individuals.
Exploring student interests, beliefs, and perceptions fostered opportunities to
meaningfully connect science content. Evident by reviewed literature was the absence of African
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American/Black student experiences in biology classrooms. Implications like low teacher
expectation and underrepresentation of African American/Black students enrolled in upper-level
science classes brought attention to school inequities. Limiting factors like gender, race, and
class became socialization issues in science education.
In the literature, the role of teacher perspective was critical to how science curriculums’
purpose was defined and instructed. Overwhelmingly, teacher obligations to state/district
mandates justified segregated learning environments that represented a standards-based
curriculum. Therefore, examining enforced standards from a student perspective added to the
literature that informed teacher instruction. Importantly, student/teacher performance depended
on set standards. For both, ability ratings involved what was done by the other, which established
a codependent relationship.
Often, teacher socialization through TEP/PD interpreted student perspectives from a
reactionary lens to the science curriculum. Instead, literature paid more attention to the external
variables (i.e. poverty, programs) and less to teacher reflexivity habits in science education, in
particular, the ways teachers identified and responded to science curricular and pedagogical
inequity. Notably, literature confirmed curriculum and instructions’ influence on student
performance. Likewise, studies that utilized culturally relevant practices demonstrated the impact
on achievement for marginalized groups in science. However, literature was sparse on teacher
experiences as facilitators of equitable science curriculum and instruction.
Findings from this literature review on teacher education programs described multiple
levels of developmental focus for aspiring teachers. The primary areas were teacher perceptions,
self-efficacy, and performance standards. Teacher perception was a common theme in science
education. Whether implied or explicitly stated, teacher perception involved attitudes about
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curriculum, student ability, student development, or professional integrity. Prior references to
teacher perspectives gave way to the importance of TEPs to commit time towards fostering
healthy perceptions.
More specifically, the scholarship included observations related to attitudes about teacher
self-efficacy and student learning outcomes. The personal approach taken in some studies (i.e.
book club, autobiographies), however, prioritized self-reflections on beliefs and habits in TEPs.
Ideally, TEPs set the precedent for aspiring teachers on the role and responsibilities of delivering
equitable curriculum and instruction. However, just as diverse as the methods for training
preservice teachers was the focus on how to cultivate equitable teaching skills in science
education.
Findings from this literature review on teacher professional development suggested
curriculum and instruction reform efforts support “science for all” targets. Attaining scientific
literacy was the achievement standard for all students. However, this standard was not ethnically
inclusive. From the literature, professional development trainings implored diverse methods.
Importantly, the extent to which teachers were challenged to reflect on the social and political
nature of science curriculum and instruction was not observed explicitly. In each area, projectbased learning, arts-based, and multicultural science opportunities failed to guide teacher training
to explore inequities in science education. Efforts to improve teacher content knowledge and
pedagogy centered on traditional skill-building models. These strategies represented western
European scientific standards.
Ideally, professional development sessions should mediate student learning needs through
teacher trainings. Instead, creative strategies and other ways to assimilate non-Western students
to comprehend science content characterized professional development. Further, limited
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solutions existed in the literature beyond mere coping strategies to facilitate actions that
disrupted curricular and pedagogical science inequities. In most cases, the next steps involved
options to prepare teachers to supplement western modern science curriculum and pedagogy
efficiently. Effectively, this approach sustained science inequities. Additionally, it allowed the
dominant culture to marginalize other ways of knowing that disadvantaged how African
American/Black students learn.
Synthesis of Recommendations
This summary of findings from the literature identified factors contributing to science
inequities in K-12 school systems such as decontextualized content. Studies consistently
recommended future research on teachers’ instructional practices often while attributing
disparities in student achievement to ineffective teaching. Calls for inclusive pedagogical
methods highlight the teacher’s responsibility to contextualize science content for all students,
Scholars researching science achievement gaps and the underrepresentation in STEM-related
fields examined teacher preparation efforts (TEP, PD) for setbacks. TEP and PD defined the
culture of science education through curricular, pedagogical trainings that established classroom
norms. Equitable science education inquiries suggested that teachers received skills, through
TEP and PD, that embody practices based on multiculturalism, culturally responsive teaching,
equity, and proficient science content knowledge.
This overview of literature identified K-12 examples of equitable science education
through culturally relevant, culturally responsive, and multiculturalism pedagogy. According to
the literature, building on the students’ lived experiences contextualized science content and
encouraged student voice. For example, the literature documents how teachers who practiced
culturally relevant/responsive practices demonstrate skill sets uncharacteristic of traditional
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norms. Classroom instruction that used unconventional methods for student learning, assessment,
and participation influenced science learning for marginalized groups. Therefore, teachers that
focused on equitable science education utilized a student-centered approach that accommodated
diverse ways of learning and interests.
Curriculum and pedagogy influence student perception, academic achievement, ideas of
inclusion and/or exclusion, and students’ daily lives. For instance, curriculum standards defined
student learning targets for proficiency while pedagogy became the medium for student
development. Primarily, TEPs and PD served to prepare teachers to implement science
curriculum and pedagogy. Further, TEPs and PD not only mold teachers’ professional skills, but
they also construct the purpose and meaning in science education.
Aligning curriculum and pedagogy was critical. For instance, concepts like studentcentered learning, inquiry, and student engagement informed teacher skill building. Standardized
curriculum or learning expectations minimized assessment ambiguities that cultivated inequity.
However, more inequities existed from monolithic approaches that ignored diverse student ways
of knowing. Examples like quantifying “student engagement” became problematic for individual
actions outside the accepted norm. Importantly, understanding how TEPs and PD prepared
teachers to model and interpret scientific concepts through curriculum and pedagogy trainings
influenced student engagement.

Literature Gaps
While literature on science inequities vary, notable differences exist in science education
research. Additional areas where information lacked in the literature included:
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❏

The role of race/ethnicity in learning to teach equity in science education

❏

The experience of teachers facilitating equitable science education

❏

The process for teachers to become equity agents in science education

❏

The role of historical sociopolitical issues in teaching science

This study is an attempt to address theses inequities. Importantly, research on the mentioned
topics also illuminate teacher perspectives, needs, and practices that influence how they engage
themselves and students in science.
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CHAPTER THREE
METHODOLOGY
Chapter three begins with a brief introduction that outlines the purpose and research
question for this study’s life writings along with the researcher’s philosophical assumptions
about qualitative research to contextualize how knowledge was conveyed. I enacted life writings,
specifically autobiographical text, using critical pedagogy by Paulo Freire to employ sociocultural-political perspectives in science education. Pursuing social equity/justice is a tenet of
critical pedagogy used to personify social issues such as gender, race, and cultural traditions.
Thus, arts-based methodologies in research became a self-reflexive tool for topics of inequity
and movements for social change in this study (Rodela, 2016).
Next, I discuss the research design, life writings with a focus on literary métissage, to
illuminate a research strategy for describing, interpreting, and combining science educators’
experiences without erasing difference (Hasebe-Ludt et al., 2009). From six science participants’
life writings based on personal understandings about science engagement in theory and practice,
I represented the creative interplay of dialogue amongst groups dynamically diverse by gender,
race, and culture. I used poststructuralist perspectives to foster a critical disposition against
socially constructed norms that lacked inclusivity. A poststructuralist lens embraced the concepts
of plurality deemed necessary methodologically to construct a literary métissage from life
writings. Finally, I included other pertinent research method details, such as the selection criteria
for participants, data collection, data analysis, and how I maintained trustworthiness the duration
of the study.
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Purpose of the Study and Research Question
Often, researchers seek knowledge that involves investigations into a problem,
illuminating diverse perspectives, providing opportunities to share life stories, and developing
complex understandings of social, cultural, and political incidents (Creswell, 2007). Essential to
understanding phenomena in qualitative research was recognizing that qualitative research
paradigms promote subjectivity (Stake, 2006). The purpose of this study was to explore science
educators’ narratives about science engagement and in/equity through the lens of
leadership/followership. I was particularly interested in how culture, sociopolitical
consciousness, and equity could be understood, incited, and used to prepare the next generation
of science learners/educators. To gain insight into this issue, the research question for this study
was: How have participants become, and led others to become, engaged in science? The subquestions were: How are participants’ understandings of engagement related to in/equity? How
do they attempt to develop others’ sociopolitical awareness of inequity
A qualitative approach to inquiry was appropriate because it helped explorations with the
purpose to understand or learn about the un(der)known. Qualitative methods for this research
study design included arts-based inquiry, which was used to initiate reflexive memory on science
content and engagement. Drawings were used as data or to generate reflexive memory in the
context of interviews. The conducted interviews that focused on sharing experiences and
understandings of fostering engagement in science among participants provided the work of
leadership/followership (perspectives, practices). The use of arts-based approaches to interpret
data safeguarded participants’ perspectives while supporting critical reflection and
transformative practices (Woods, 2000).
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Philosophical Underpinnings
“The world we have created is a product of our thinking. It cannot be changed without changing
our thinking.”
—Albert Einstein
Narrative ways of inquiring into being and knowing: A political arts-based inquiry
I took a critical disposition toward inquiry, scientific and social scientific, in that I
questioned meaning-making processes and blanket policies in science education based on
absolute truths (i.e., science engagement is correlated with student learning and can predict
achievement). Processes such as these potentially present barriers to diverse ways of
demonstrating student engagement from a universal model. Additionally, I problematized
practices that exclude diverse ways of knowing (i.e., science education), such as the idea that
science engagement was a determinant of learning and/or interest.
Instead of placing what was ethical, political, or aesthetic secondary to more uniformed
structures (i.e. standardized curriculum), the intent of this study was to prioritize pluralistic
considerations related to values through life writing. The methodological choice to include artsbased approaches to inquiry supported the exploration of diverse ways of knowing and being to
encourage participants to share their personal and professional accounts and perspectives. For
example, drawing was used during interviews with participants to help them capture their ideas
of science engagement. This format encouraged participant autonomy in the construction of
meaningful depictions of their knowledge and its significance. Each métissage developed
highlighted thoughts expressed by each participant.
Utilizing multiple research methods diversified the data to include a mixture of sources to
represent the science educators’ experiences in a way that refused monolithic expressions of
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curriculum, pedagogy, and research implementations (Miller, 2010). I proceeded from the value
of diversity, in thought and action, in uncovering understandings and practice associated with
science engagement and used an arts-based approach to inquiry. I designed a narrative inquiry to
elicit unique stories of experience that could be re-weaved into stories to support professional
development in science education.
Memory and Literary Métissage
Narrative formats tend to dominate the ways one organizes and understands life
experiences; however, narrative should not be confused with being the same as experience
(Bochner, 2016). Ideally, narratives became a source of meaning-making for individuals through
reflexive explorations about the past, present, or near future. In this study, I use literary
métissage to present the participants autobiographical accounts as science learners/educators.
Memory Formation
As Bochner (2007) states, “I cannot write about events in my past if I don’t remember
them” (p. 198); therefore, “memory is inquiry” (p. 200). Undoubtedly, such metaphors for
memory work being inquiry suggest memory is intricate to narrative construction. Literary
examples imply that personal narratives extend beyond mere recall of social, political, and
cultural knowledge as told by the individual. Memory is a significant consideration in narrative
analysis. Essentially, the product of memory becomes a modification of events in sequence based
on individual sense-making, a meaningful episode. Despite remembered objects and/or events
being definite, the act of memory becomes a window into the reality that parses out individual
understanding. For example, Hacking (1995) references memory as two-sided, recovered
memory versus false memory, to disclose the challenges faced in narrative analysis to critically
assess factors influencing how things are remembered.
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Memory has diverse expressions in narrative. For some, memory coincides with
imagination, a reinvention of history, or storytelling (Hacking, 1995; Hampl, 2000; Lazar, 2009).
Personal narratives are considered intimate memories constructed through a subjective lens.
Memory describes relationships, emotions, and social interactions, among other numerous life
experiences encountered by individuals. Their significance, often informed by personal accounts
related to values or beliefs, prompts (re)membering of scenes based on memory, reinforcing the
idea of memory as inquiry into the ways people describe individual or collective incidents.
Literary Métissage
Literary métissage is a qualitative research tool. According to Hasebe-Ludt, Chambers,
and Leggo (2009), it describes and interprets the participants’ experiences documented by the
researcher. Métissage is an intentional combining of diverse ways of knowing, fostering
opportunities for critical conversations around difference linked to socio-historical formations
(i.e. language, nation), colonization, and globalization. As such, métissage becomes a place of
contact for the mixing of ideas with multiple origins related to gender, race, class, culture, and
geography as well as a strategy to politicize the collected life writings data of each participant. In
this study, métissages was used to highlight the complexity of understandings about science
engagement. The individual (life writings) and métissage illuminated how participants came to
know and practice engagement in science.
Researchers gain knowledge by constructing literary métissages. Approaching the
research using a métissage format minimized procedural forms of assimilating data and, in turn,
served to “. . . blur genres, texts and identities within and across topos and topic, to seek crosscultural, egalitarian relations of knowing and being within and across disciplines” (Hasebe-Ludt
et al., 2009, p. 37). For the researcher, métissage existed as a framework to reveal unequal power
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relations and other barriers disrupting social equity. In addition, drawings created by participants
during interviews served as another source to critique understandings and practices related to
individual experiences. From the collection of participants’ small stories and drawings, I
constructed métissages. See Figure 5, which outlines the methodological phases of the study.

Figure 5. Methodological Steps for Study
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Methods and Procedures
Participants
The selection process for studies comes with a set of inclusion and/or exclusion criteria,
just like the process of auditioning for a play. To gain an understanding of science educators’
leadership/followership narratives, limiting the pool of participants was necessary. Participants
for the study held a science degree and position in science in some capacity (i.e. schools,
community, youth organizations). Also, participants had experience working in a STEM-related
field and a history of serving with youth between the ages 12-24 with/in underperforming
schools and/or interacting with marginalized youth. The following paragraphs outline the
qualifying criteria in more detail based on four categories: education, work experience, science
engagement, and equity.
Education background for participants included a degree in science at either the bachelors
or masters level. A participant without a degree at the bachelors or masters level in a science
subject qualified at the doctoral level if the degree was for a specific science subject (i.e.
Chemistry, Physics, Biology), not science education. Only science majors at the undergraduate,
graduate, or terminal degree level qualified.
Participants had a minimum of five years of experience working with majority
historically marginalized youth groups in a state-funded school (public, magnet, international
baccalaureate, middle/high school, university). Charter, private, community colleges, and online
schools were not considered appropriate for this study because of the entrance requirements and
tuition fees that potentially excluded certain individuals. Participants needed a valid teaching
certificate in science available from an accredited four-year institution. Those with certifications
awarded through an alternative certification program were not considered eligible for this
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particular study. If participants worked for institutions that were not formal schools, like
community youth centers, they had evidence of a formal science curriculum guide and a
minimum of six hours a week of science enrichment for students ages 12-17 then they qualified.
In addition, historically marginalized student groups comprised the majority of the population
where participants worked for this study. Finally, at the time of the study, participants had to be
serving or have served in leadership roles in science education or STEM-related fields for one or
multiple areas listed: department chair, team leader, instructional coach, supervisor
(district/state/campus), advisor, director, professional development facilitator, or science
coordinator.
A total of six study participants, one middle school teacher, two high school teachers, and
three university professors, conducted an in-person meeting for the initial interview and two
virtual meetings for the second and third follow up interview. All study participants held science
degrees and were veteran science educators with more than a decade of experience in the field;
four identified as Black women, one as a Black male, and one as a White male (See Table 1).
The names used in this study are pseudonyms to protect the privacy of the participants.

Table 1. Demographics of study participants
Name/

Gender

Race

Pseudonyms
Keisha

Female

Black

Teaching

Years of

Level/Position

Experience

High School/

13.5

Teacher

55

States

Texas

Table 1 (Continued) Demographics of study participants
Claudia

Female

Black

High School/

13.5

Texas

17

Washington

32

Florida

33

Virginia

44

Virginia

Teacher
Tye

Male

Black

Middle School/
Teacher

Ruth

Female

Black

University/
Assistant Professor

Bryn

Female

Black

University/
Assistant Professor

Joe

Male

White

University/
Professor

Inclusion and Exclusion Criteria
The following criteria specified how I determined which volunteers to include and
exclude from participating in the study. A participant for this study reflected three attributes: (1)
an ability to provide narratives (personal or situational) for engagement, (2) the willingness to
describe characteristics for engagement in science education, (3) an ability to provide personal
narratives about people instrumental in developing and/or hindering science engagement in their
lifetime.
Interested candidates initially performed two separate tasks determining eligibility:
complete an online self-report questionnaire and submit a resume/CV. The self-report
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questionnaire included six questions related to candidates’ general ideas/beliefs on topics of
equity, engagement, mentoring, and leadership in science education. The format followed a
rating system, 0 to 5 levels of importance scale, and the option to explain their score. This
process took 10 to 20 minutes to complete (See Appendix B). Candidates submitted a resume or
curriculum vitae for review that included awards, activities, and service to historically
marginalized groups in science between the ages of 12-24.
Since science equity undergirded this study, participants communicated a vision to
advocate for equity in science education or STEM fields. After the initial vetting process (selfreport questionnaire and review of resume/CV), candidates were contacted for a 10 to 15 minute
Google Hangout interview. The purpose of the interview was to elaborate on responses generated
from the self-report questionnaire and resume/CV. Subsequently, individuals were added to the
study as a participant reflected a commitment to mentoring, tutoring, and recruiting others
(particularly underrepresented groups) in the field of science. Selected participant qualifications
included working to foster science engagement. Also, participants used alternative curriculum
and/or pedagogical (i.e. socioscientific issues (SSI), culturally relevant science pedagogy)
approaches to promote science equity amongst the current standardized system of science
education.
Purposive Sampling
Participants for qualitative studies utilizing life writings often are selected through a
deliberate process known as purposive sample (Padilla-Diaz, 2015). Indeed, such methods were
employed for this study. Miles and Huberman (1994) further describe the technique of purposive
sampling as an alternative for selecting participants. Guidelines motivating such actions include
reasons like critical cases, study purpose, extreme cases, or simply convenience.
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Small sample sizes of less than 12 participants are considered appropriate for qualitative
studies. The sample size for this qualitative study was six individuals. To secure a diverse sample
size (gender, race, age), I included at least two to three men for gender, a combination of Black,
Brown, and White participants for race, and age groups covering a 40-year span, ranging
between 20 to 60 years.
Sample
The pool of participants included men and women of different racial/ethnic groups. For
this study, I secured participants from various gender and racial groups. The ability to provide
multiple perspectives in research focused on gender and race equity issues and added diversity of
voice. As such, different viewpoints promoted inclusivity. This variation was important based on
the purpose of the study to understand the lived experiences of science educators’ work toward
science engagement.
Recruitment of Participants
I recruited participants using an advertisement describing the study with qualifying
criteria: a science degree, taught historically underrepresented groups, received awards related to
diversity/equity in science education, or published on topics focused on science equity. This
announcement was communicated primarily via email from the college of education listserv at
the University of South Florida for the Tampa and St. Petersburg campuses. Additionally, I sent
the same announcement seeking participants to school district personnel and professionals in the
southeastern and northeastern regions of the United States and national science organization
special interest groups. Selected participants were encouraged to recommend a person(s) for the
study who actively promoted and/or informed their science engagement.
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Role of the Researcher
The role of arts-based approaches offered unconventional ways of interaction between
the researcher/participant and participant/participant. As such, creating an atmosphere of
comfort, trust, and honesty on the part of the researcher determined the quality of the participant
responses. In my role as the researcher, it was particularly important that I attempted to establish
comfort, trust, and honesty in relationships with participants. For instance, I respected their
individual choice if they decided not to answer specific questions. To further build trust, I
provided participants (prior to the first meeting) these documents: interview protocol questions,
abstract for my study, and a form to specify which debriefing option (written or verbal) to review
data.
Data Generation
Life is dynamic in schools particularly with burgeoning STEM programs. To interpret
science engagement and the impact on one’s understandings and beliefs required different
approaches. Data collection for this study included multiple qualitative processes: observations,
interviews utilizing arts-based approaches, and reflection journals.
Methods/Interviews
Study participant understanding of and practice with engagement in science education
was explored through one 60 to 90-minute voice recorded, semi-structured interview. The first
60 to 90-minute interview I conducted as a one-on-one at the beginning of the research period
(See Appendix A). The interview protocol I piloted prior to the study to minimize ambiguity was
based on ill-phrased questioning that fostered unrelated responses to the intended study.
I asked participants to make a drawing (an artifact from the prompt instructions to “draw
the ideal science teacher-not”) on an 8x12 sheet of white copy paper. The intent was for
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participants to articulate what represented undesirable teacher traits. I utilized the artifact during
the interview and after for further analysis. From the transcribed first interview notes, I
conducted a second 30-minute interview via Google hangouts two weeks after the face to face
interview. I asked participants to respond to follow up questions based on my analysis of the
initial interview. The third interview also via Google hangouts occurred four months later for 1520 minutes. Participants for this interview received a draft of the literary métissage constructed
from the first and second interview prior to the interview and asked to give a reaction. The
participants received only the métissage that pertained to their narrated accounts on engaging as
a scientist.
Dialogues
Initial interviews included participants in a one on one session that was voice recorded by
the researcher, who also conducted the interview. Participants responded to guiding prompts to
recall being engaged, like: “Think back to a time in science when you were engaged and describe
that experience.” Although interview prompts were semi-scripted, the structure was flexible to
accommodate dialogue guided more by the participants’ comfort to discuss topics they deemed
important.
Artifact - Drawings
Artifacts in research constitute multiple options not limited to any one form. For this
study, I used drawing to facilitate conversations with participants around the topic of science
engagement. For this research, I modified Mensah’s (2011) drawing procedures used in a study
with preservice teachers to promote conversations about science teaching and teacher identity.
Prior to the interview, I asked participants to draw what they believed reflected the attributes of
an ideal-not teacher for the one-on-one interview. Participants also were instructed to give a brief
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description of the characteristics for the ideal-not teacher and provide the reasons they would not
want to be that type of teacher.
This artistic approach to generating data on leading to/against science engagement
reinforced mind and body connections. This research was intended to stimulate conversations
that included less used opportunities to represent knowledge by using art in science education
research.
Field Notes: Jotting, Depicting Scenes, Building Episodes
Field notes primarily dominated the data collection process. When collecting data, field
notes were written and voice recorded notes were transcribed from voice memos after each
interview through a third party source – rev.com. The construction of field notes was done in
multiple ways, in real time, using the techniques of jotting, depicting scenes, and building
episodes (Emerson, Fretz, & Shaw, 2011). It was done during phases (1) participant one-on-one
interviews, (2) analysis of artifacts, and (4) weaving understandings.
According to Emerson et al. (2011), jotting is a brief written record of events and
impressions captured in keywords and phrases. This method was helpful during data collection to
allow me more time to interact with the participants and not be distracted by the task of taking
complete notes. Depicting scenes involved the following strategies: “description, dialogues, and
characterization – enable a writer to coherently depict and observe moments through striking
details” known as the depiction of scenes (p. 57). Description documented basic scenes (people,
object, setting). Dialogue recalled interview sessions using various methods (direct/indirect
quotations or paraphrasing). Characterization revealed identity traits (speech, habits,
relationships).
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The third method was episodes. From the data, I created episodes around brief incidents
as a “more or less unified depiction of one continuous action or interaction” that gave insight into
teaching, learning, leading, science and engagement by the participants. Hence, exploring
science educators’ personal journeys to develop their understanding and practice of engagement
in science made this approach a feasible option.
Journaling
I utilized journaling during the research period. I recorded thoughts prior to the first semistructured interview session to document beliefs and emotions. After each interview session, I
recorded thoughts about what was shared and how it shaped the participant idea. The journaling
included pre and post-session questions. The pre-session questions reflected on preconceived
ideas I held about participants’ experiences with science engagement. The post-session questions
reflected on how I interpreted participant judgments (consciously and/or unconsciously) made
during the process.
The information I collected gave me insight about styles of leadership, pedagogy, and
curriculum that participants preferred and used to promote engagement in science. In my
researcher role, I maintained a journal primarily as a reflexivity exercise to expose biases that
affected the processes and outcomes of my work as the researcher. In the limitations section, I
included any bias I discovered through journaling or otherwise. Being transparent about my
biases throughout the process added credibility and trustworthiness to the study by allowing
readers to make judgments about what was presented as findings and how they were constructed.
Data Analysis
Analyzing data varied according to the purpose of the research. Brinkman and Kvale
(2015) suggested six steps to follow for data analysis based on interviews (see Figure 6).
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Notably, the data analysis steps only were used during the first conducted interview. The detailed
steps highlighted the potential transformations during the interview process between the
interviewee and interviewer that reaffirmed Stake’s claim that analysis happened simultaneously
with the data collection. While collaboration existed between participant and researcher, the
origin of data through life writings came from the personal narratives supported by participants
lived examples. Indeed, the relationship between the researcher and participant, which was in the
infancy stage, minimized concerns that interviewee responses to data interpretations by the
researcher reflected the researcher, not participants’, beliefs.

Figure 6. The 6-steps for data analysis adopted from Brinkman and Kvale (2005).
Quality Criteria
The six participants in this study were asked to share personal beliefs, values, and stories
connected to their involvement as a scientist.
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Member checking
I asked participants to share personal beliefs, values, and stories connected to their
involvement as a science educator in a private setting. To ensure I maintained an ethical and
moral standard, I attempted to remain transparent about my interpretations of data. Every
participant had an opportunity to review preliminary analysis in narrative form and express
themselves. The goal was to gain insight from participant(s) understandings of engagement and
experiences being engaged and engaging others in science. Their contribution to a métissage was
a partial representation of our collective journey.
Qualitative Research Trustworthiness and Ethics
Ensuring that integrity was maintained in research was critical to establishing who the
researcher was, which also promoted trustworthiness (Shenton, 2004). The quality of the
research primarily hinged on factors of trustworthiness and ethics (Shenton, 2004; Tracy, 2010).
Trustworthiness and ethics was achieved by the types of procedures that defined this research
process, such as the use of art and interviews to provide diverse modes of expression. For
instance, I enhanced ethics by reminding participants they had the option to decline
answering/participating.
I included the participants' views, and I centered those views using direct quotes. From
my interview notes, I retold in detail the place, people, and thoughts I had while generating data.
I used artifacts (drawings) constructed by participants to narrate interactions and events during
interviews. The observations, journaling, and interviews, collectively supported my
interpretations and findings. To reinforce a standard of multivocality, I practiced reflexive
journaling immediately following the interviews. To ensure the trustworthiness of the study, I
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employed multiple data sources in answering the research questions (Darbyshire, MacDougall &
Schiller, 2005; Denzin & Lincoln, 2008).
Significant contribution
Significant contribution in qualitative research is based on several criteria. The first
criteria, practical feasibility, related to the field of study. Science engagement was referenced
commonly to assess and describe student performance. Moreover, science engagement usually
was linked to student interest, participation, and achievement. While much emphasis was given
to the need for improved or sustained ways to promote science engagement, less was known,
through empirical studies, about what fostered teacher understandings and practice. Additionally,
this study introduced a conceptual framework that encouraged (sociopolitical) engagement in
science. Methodologically, investigating approaches toward equity in science education through
métissage offered less known opportunities to explore the development of teacher
understandings and practices. Moral implications from this study potentially advanced equitable
science education in accordance with the American Association for the Advancement of
Science’s (AAAS) goal to benefit all people. It further illuminated the un(der)known
perspectives about what methods provoked marginalized groups to engage in science through
formal/informal professional development, and lived experience.
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CHAPTER FOUR
FINDINGS
I bare witness to life testimonies untold. The participants, mentored by critical incidents
to engage as a scientist, articulate unique expression(s) to (re)construct science education. In this
chapter, I present findings for research questions that entailed understanding science educators’
formative experience, understanding, and purpose for engagement in science as well as how they
understood the role of sociopolitical and cultural factors on science identities in relationship to
equity or inequity, engagement or disengagement, and leadership/followership. These findings
are biographical accounts of autobiographical narratives using métissage as a thematic analysis.
Deciding on métissage as a method to reflect unique understandings by science educators was
predicated by literature “to create an aesthetic product that combines disparate elements without
collapsing or erasing difference” (Hasebe-Ludt, Chambers, & Leggo, 2009, p. 35).
Life promises every individual at least one origin story. Familiar phrases like, “in the
beginning, once upon a time, and long ago” prepare individuals for the history to unfold.
Granting access in written form, verbal, art, or song becomes a lesson on the human condition.
James Baldwin’s personal essay, “White Man’s Guilt” for example, symbolizes “the great force
of history comes from the fact that we carry it within us, are unconsciously controlled by it in
many ways, and history is literally present in all that we do” (p. 410). Every story represented is
the perceived realities of one’s life experiences. No two stories are the same. Although similar
themes existed, the likeness of each story differed under the anticipation to define meaning.
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Preview of the Findings
The findings for this study, which are care, relationship building, purpose, mentoring, and
equity-mindedness, combine artwork, interviews, and reflexive journals to address the guiding
research question, How have participants become, and led others to become, engaged in
science? My decision to construct a métissage from participant(s) narrated journey and artifact
toward engaging in science education speaks to the literature on centering the voice of the
subalteran (Spivak, 1988). Applied creativity mixed with intentionality motivated the way I
grouped the research question responses into three parts (braids). The three symbolic braids
embodied emerging themes. After dividing the participants’ responses from the face-to-face
interview and artwork, I constructed two different métissages under the same heading “Engaging
(as) Science Educators.” Among the six total participants, I illustrated the three science professor
participant accounts for métissage I, while métissage II reflected the three K-12 science educator
participant accounts.
Findings were arranged in this order: artwork – “The Ideal Science Teacher – Not!”,
Métissage I, and Métissage II. Both métissages begin with a brief quotation to introduce braids
one, two, and three followed by participant narratives for each theme. Under each braid, I retell
science educators’ narratives about science engagement, identity, and in/equity through the lens
of leadership/followership. Collectively, each braid reveals the work participant(s) take on to
engage self and others in science. In figure 7, I provide a graphic representation outlining the
process to analyze and construct data into a métissage. The next section illustrates images of
constructed artifacts by participants using the “ideal science teacher - not” prompt and analysis
for each.
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Figure 7. Flowchart of data analysis and construction process for métissage.
The Ideal Science Teacher – NOT
It was the first interview. Aside from a few informal test runs, I asked the participant to
construct an artifact called “the ideal science teacher, not!” I secretly questioned if had I phrased
it right in this way. I tried to appear confident as I was met with a surprised stare.
Unceremoniously, I reached deeply into my stuffed tote bag for art materials: I focused on the
items brought instead of the participant’s face. Carefully naming each item gave me confidence
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before lining them along the flat surface - colored pencils, crayons, play-doh, paper, scissors,
glue, tape, ruler, pen, and pencil. “You have 15-20 minutes,” I announced.
Starting professional dialogues on harmful aspects in science education spotlight the bad
and good traditions in the field. Given the opportunity, teachers enthusiastically share their
opinions and advice. Artwork, however, is a vessel to make visible what is hidden in personal
thoughts (Brooks, 2009). Depending on the context, artwork done in the moment symbolizes a
first draft of dominating beliefs laid bare, insignificant, to be claimed later by hindsight
(Freeman, 2009). The constructed artifact on “the ideal science teacher – not” by study
participants aligned with findings on how they understood, used, and incited the next generation
of science learners/educators’ engagement in science, which became visually apparent from
drawings and descriptions on undesired teacher traits to their leadership philosophy and
practices.
As participants opened up about experiences – personal and professional - they revealed
sources key to their development as science educators. Central elements like curriculum and
pedagogy, for instance, established norms regarding who or what influenced science engagement
for students in classrooms. Efforts devoted to holistic student development shared perspectives
about inquiry from Dewey’s philosophy of schools as the site for social formation. Therefore,
inquiry and self, described as interconnected, reconstructed thoughts on the relationshiop
between them and the impact on learning. Stoller (2017) writes, “[i]nquiry-driven pedagogies
fundamentally alter a student’s relationship to knowledge and themselves” (p. 48). Teacher
pedagogy is important to the ways indviduals – teachers and students - encourage/discourage
engagement in science. The following paragraphs feature how the participants’ artifacts expose
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the why epistemologically to (re)purpose learning/applying scientific content so others engage
with/in science.
Ruth’s Artifact: Situating Care on the Learning Continuum
I interviewed Ruth first. Ruth, a science professor at a predominantly White institution in
the southeastern region, took on the task to construct an artifact with ease as if performing a
routine assignment. I assumed the 32 years of classroom experience at the secondary and
university levels prepared her reaction. I wondered, as I watched her thoughtfully draw out the
pyramid shape with a certain level of precision, what she was going for (Nkrumah, T. (2018).
Artifact). Ruth shared,
Um, as a former classroom teacher and department chair, science coach, and having to
work with other science educators. And even now with, um, on the student undergraduate
level. You know, you run across dispositions, um, or beliefs and behaviors that people
display that you know are not good, necessarily for students.
With the wooden ruler and colored pencils, Ruth perfectly sketched a product that aligned with
her rigid descriptions used to explain the ideal science teacher – not, person (see Figure 8).
Displayed in distinct sections, Ruth categorized barriers enforced by science teachers that
influenced science engagement. Misplaced care of fulfilling certain tasks dominated the
representation for the ideal science teacher – not. She framed the role of the science teacher as
someone who moved “students forward or to enact some type of change or make a difference.”
Decidedly, teacher action dictated student response to engage. Even when students had a
propensity toward science, student resistance cost them opportunities to fully engage and
resulted in limited experiences to apply knowledge. The science teacher primarily represented
the source for progressing, diminishing, and identifying interests in science for all students.
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Explicit in the drawing was teacher purpose to create the atmosphere for students to thrive in
science based on attitudes that valued holistic learning.

Figure 8. Ruth’s artifact of the ideal science teacher – not.

Compared to a food chain pyramid, Ruth said this about her artifact, “[s]o, I organized it
kind of in a hierarchal, uh, diagram. Um, where I see the things towards the bottom as more, um,
foundational.” She described ineffective teacher values on a continuum for student learning
labeled most to least important. At most important was teacher’s valued content knowledge over
holistic student development. At the less important end featured organizational issues. In
between was a mixture of limited content knowledge, creativity, and collaborative skills.
Ruth prepared preservice teachers to use culturally responsive practices. Viewing science
education as a medium for social uplift, Ruth said:
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Um, because the whole point in teaching is to move students forward or to enact some
type of change or make a difference, and I don't see, if you 're not doing these things or if
you exhibit these kinds of characteristics, you're chances of doing that, um, get slimmer.
Um, so, I don't think that these things are productive.
Ruth pushed to create new opportunities for underserved groups by training future science
educators to possess characteristics far different from the disengaging options she endured.
Ranking the task of teacher organization as the least damaging to student learning
implied that curriculum was co-constructed, non-scripted, and permitted student inquiry. It
mattered that teachers developed philosophies of teaching that included culturally relevant
practices. While organization is important, the comparison in the drawing as being least in terms
of student productivity spoke to the lack of creativity in teacher instruction.
Standardized science curriculum and pedagogy had limited rather than increased
engagement because of learning expectations to recite information uniformly. This pressure
removed teacher focus from science content to promote student self-development. Because
science teachers viewed teaching as contractual instead of relational, it limited teacher/student
engagement and created perceptions of students who engage in science as exceptional.
Bryn’s Artifact: Schooling Not Educating the Student
Second among the three professors I interviewed was Bryn, who taught at a
predominantly White institution in the southeastern region. With 33 years of professional
experience, Bryn’s entry into science education added thoughts on how she “…always taught in
some way like Sunday school, youth ministry at my church, I always was in that teaching role.”
Also, [being] raised in a household of educators (mom and dad were principals) informed ideas
about attributes she valued in a teacher. Using only a pencil, I was surprised by the simplicity of
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Bryn’s design (Nkrumah, T. (2018). Artifact). Speaking in first person about the ideal science
teacher – not, Bryn said this about her drawing,
This is the image of me as a professor and that's the screen behind me and that is my
laptop. That's my desk. And I'm either standing behind it or I'm either sitting at it. And
these are the students who are also doing the same thing, and they're in neat little rows.
Some of them are engaged, are some of them are ... well, engaged as far as paying
attention. Some of them are kind of a little sleepy and drowsy. These are the rest of the
students. Their little heads are represented, all of them. And they're all in neat little rows.
Despite not being an elaborate illustration, Bryn’s verbal characterization about the ideal science
teacher – not foreshadowed her equity agenda in science education (see Figure 9).

Figure 9. Bryn’s artifact of the ideal science teacher – not.
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Whiteboard, teacher desk, and student desks symbolized the deeply rooted structures in
education for gaining content proficiency. Referencing “that’s my desk” in the drawing became
an immediate qualifier that defined the narrowly constructed learning environment for Bryn of
the ideal science teacher – not. Implied in Bryn’s drawing was Paulo Freire’s banking model
description of the teacher depositing knowledge into passive students. At a distance from the
student desks and raised higher and bigger in size, she mocked science education’s traditional
banking system model of manufacturing passive student observers. The square, boxed in shaped
desks conditioned the mind to a specific culture of intellectual performativity. Bryn described the
students drawn in neat little rows as being solely engaged in the act of paying attention. The
phrase “paying attention” underlined the role of the student to input what was distributed in order
to give back information transmitted. It did not suggest a two way process and reinforced power
dynamics in classrooms that cut off engagement.
Drawing a female teacher seated at the front of the class with students in rows of desks
captured Bryn’s disdain for traditional methods of science instruction. Using phrases like
“passive observers” and “lecture-based” as dominant examples from her school years taught her
what was ineffective. Taking a different approach, she described the need to implement studentcentered, inquiry-based philosophies of science education with preservice teachers.
I think today, what I try to emphasize with my courses that I teach students, 'cause one of
the things I ask them is that what are your goals, what are your hopefuls related to your
kids? When people talk about their hopefuls related to their kids, they have to recognize
that the instructional strategies that they choose are the ones that as we lead to what they
consider to be their hopefuls, and then that hopeful is your metric, that's your
measurement of what you want your outcomes to be. We look at what we've chosen as
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metrics, are they the things that we value, and are they the things that we hope for when it
comes down to the time the kids spend with us in the classroom?
Reflecting on the role of the science educator, Bryn asked students to reflect. For her, goal
setting went beyond the lesson objective. It required individuals to critique if their motivations
for teaching aligned with how they taught. This process informed how she pursued and
understood purposes for engaging people in science.
Absent from the drawing, Bryn described teacher imagination to enforce non-traditional
styles of science instruction. Seeing misinterpretations of students “manipulating things” as
active learning exposed how unprepared teachers and students were to think critically. Bryn
further highlighted how teacher’s disconnected work to build critical thinking skills interfered
with prompting students to wonder about what they learned. The likelihood of this disconnect
could be attributed to the culture of science education depicted as static impressions of science
classrooms in her drawing. Evidence of science engagement, however, was reflected in critical
thought and applied use of scientific content. Bryn’s confession that “I was not taught to teach
the way that I teach them to teach” revealed the work of the science educator to resist dominant
norms and (re)imagine science education. Engagement, therefore, became a transformative
medium cultivated by the science teacher to disrupt the function of students in classrooms as
passive observers.
Joe’s Artifact: Attitude is Everything
Joe was the last among the science professors I interviewed. He, like the other professors,
taught in the southeastern region at a prodominantly White institution. Joe became a scientist and
not a doctor despite pressure from his father. With 44 years of experience, his idea of “the ideal
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science teacher – not” represents a collage of undesired practices and student outcomes. Joe
describes it this way,
So the science teacher is at a different desk. He or she is lecturing, focused on
transmission of content knowledge only. Any kind of lab activity is all teacher demo.
He's an advocate of positivistic science that is objective, and he believes that science is
value-free. The kids are in rows, representing individualized instruction. They're not
doing collaborative work. They're working out of reading textbooks and note taking.
They're bored. It's not connected to life or community, and they're disengaged because it's
not connected to their lives.
Joe’s drawing suggests that concepts like positivistic science, teacher demos, and
decontextualized lessons create disengagement versus engagement through collaborative
learning and meaningful relationships (see Figure 10).
Joe described a sense of freedom early into his teaching career before standardized tests.
Unencumbered by district accountability measurements, he expressed having autonomy
constructing science curriculum. He shared, “[b]asically, it was my curriculum.” Therefore, the
ease of framing science content as belonging to him suggested engagement in science involved a
reflective process. Beyond teacher transmission of scientific knowledge, Joe prioritized the
student-centered approach. Condemning positivistic science methodologies, Joe problematized
individualized instruction over collaborative-inquiry. Using the single desks in rows symbolized
the decontextualized nature of science instruction to integrate students’ community and lived
experiences. This theme of standardization became evident as he identified multiple examples of
the ideal science teacher – not, a method to devalue students through teacher pedagogy.
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Figure 10. Joe’s artifact of the ideal science teacher – not.
For Joe, traditional styles of science pedagogy lacked teacher practices on the use of
relationship building and care in classrooms. Seeing no other way, Joe stated, “[s]o I thought my
relationship with my students was very important.” He further described how relationships
motivated him to connect to the culture of his students and integrate student lived experiences
and community in science curriculum.
The nine student desks facing the teacher dominated Joe’s drawing. Messages written
beside each student desk – bored, not connected to life or community, and note taking seemingly
mocked enforcement of the banking model in science education. Condemning teacher directed
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instruction, Joe talked about preparing future teachers not to embrace non-student centered
approaches.
We've had a prior knowledge assessment activity where they interview kids to assess
their prior knowledge and develop a lesson to address it and then come back and reassess
them. But we're evolving. So now we want prior knowledge and experiences. So you talk
not only about the concept, but how this may have applied to your life. So we're moving
to the experiential realm.
Joe perceived that pedagogical strategies influenced student choice to engage in science.
Drawing the teacher at the head of the class and oblivious to student interest exemplified
practices to disengage. Instead, Joe prepares teachers to embrace inquiry-based, eco-justice, and
placed-based learning methods.
Tye’s Artifact: Do Not Disturb
Tye’s interview was my first male participant. He taught at an affluent private school in
the northeastern region and had 17 years of experience as a science educator. Seemingly in a
trance with only a black pen only, Tye’s facial expressions mirrored the lifeless drawing. His
assignment to construct “the ideal science teacher – not” created a unique opportunity for Tye to
represent his story. I do not think he realized that the artifact influences him more than he thinks
to become the better teacher in his practice and provide what his students need the most
(Nkrumah, T. (2018). Artifact). When asked to explain what he drew, Tye said,
I think my artifact represents most of the science teachers I had. White male. For
whatever reason they liked to have beards. Majority of them wore glasses. Couldn't relate
to me at all, but not just to me, they couldn't relate to most of the kids that they were
teaching. What else? Then some of the words that I wrote, you know, cold, like I don't
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want to become somebody that was cold or arrogant. Condescending, unapproachable.
Always abstract, so nothing that...It's like they didn't do a good job of taking their ideas
and making it real for students, like relating it to their life. They carried too many pens, a
lot of them, like just too many. Why do you have all those pens you don't need? There's
like 20 in your pocket.
In his words, Tye revealed the impact of teacher demeanor on perspectives about science
education and the importance of care and fostering relationships with students (see Figure 11).

Figure 11. Tye’s artifact of the ideal science teacher – not.
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“You see me,” shockingly declared Tye to explain a critical incident in school when the
White science professor complimented his work. His peculiar pronouncement contextualized the
negative terms that cropped the single White male image drawn of the ideal science teacher –
not. This White male image appeared to be the gatekeeper of scientific knowledge. Tye focused
on positionality of self and others in science. He applied stereotypical indicators for a science
teacher and highlighted approaches Western standards that marginalized indigenous science
particularly for underrepresented groups. The detail provided in the drawing – text and person,
acknowledged; word choice - depicts how science education in schools was socially constructed.
Even in diverse classrooms where he taught, Tye demonstrated how dominant racialized and
gendered norms devalued non-Western scientific thought and practice. Tye’s art and narrative
suggested that he views engagement in science education social morés, from a Western science
perspective in order to persevere and teach oneself how to engage with the content.
The distinct facial features, flat lips decorated with square eyeglasses, thick hair, and full
beard, narrowly represented science as an individual-teacher, not. As if knowing the dominant
norms was a needed prerequisite for engagement, Tye’s characterization of the ideal science –
teacher, not reflected habits that incited disengagement. He further centered teacher attitude and
appearance as critical to the learning process for students. Examples like teacher reflection
yielded desired outcomes to promote equitable science education through critical consciousness
development.
Couched in emotional memories absent of joy, and belonging in science, Tye’s artifact
symbolized the exclusivity of science engagement. His drawing of a White male teacher
decorated with descriptive terms like “absent minded,” “too abstract,” and “cold” around his

80

body heavily informed his pedagogy. Tye prioritized being approachable, an encourager of
diverse ways of knowing in science class, and facilitating processes for the underserved to have a
positive science identity. Seeing fear as a barrier to engagement in science particularly for
underserved groups, he said
So for my kids, that's one of the things I try to help them with, and I've always done that,
even though I've had different demographics, is create an environment where they can
feel like they can take a risk and not be punished by their peers or be punished by me.
Positive classroom culture was central. Tye’s experiences of being excluded in school because of
racism created his agenda to increase engagement for underserved groups. Taking on the limiting
factors to engagement in science for all, Tye enforced student centered learning, used theatre to
promote inclusivity, and mentored.
Keisha’s Artifact: Intention and Impact
My first of three K-12 science educator interviews, Keisha, energetically shared her
nearly 14 years of teaching experience with me. Teaching in a large public school district in the
southeastern region, her appointments always have been at predominantly Black schools.
Choosing the number two pencil to represent her thoughts about “the ideal science teacher – not”
produced disturbing realities. Keisha shared these words about her drawing,
Ah, I have two comic I guess pictures that refer to two scenarios, that I think of as
teachers I don't wanna be. The teacher who actually is in the room, but not mentally, or
academically present 'cause they're distracted with their own task. In the end, the teacher
who is literally not in the room for a variety of reasons typically because they're avoiding
teaching. And then, there have, I have a list of characteristics that to me describe
teachers, that I definitely don't ever wanna become. A teacher who doesn't care about
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kids, or their improvement, the teacher who is in inappropriate relationships with
students, the teacher who's trying to be popular by befriending the students, the teacher
who lacks classroom management, and then the teacher who's just there because it's a
great schedule as far as off time.
Teacher influence on classroom culture prioritizes the role of communicating a purpose for
learning science that is relevant and encourages social change (see Figure 12).

Figure 12. Keisha’s artifact of the ideal science teacher – not.
Each image reflects extreme representations of student behavior in different settings. One
example shows a teacher physically with no mental presence and the other shows a teacher
physically absent from the classroom. Collectively, this image suggests engagement in science
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depends on teacher behavior. In the teacher present scene, teacher disengagement fostered
student disengagement in science. Even when teacher and student physically occupied space in
the classroom, neither interacted. In fact (in her drawing), the student sleeping on the desk facing
the teacher who ignored them suggested that engagement on the student part was externally
motivated. Because teachers relied on the banking system model, this trained students to be
complacent and set the tone for classroom engagement for teacher and student. For Keisha,
teacher disengagement exemplified in the ideal science teacher - not had a greater impact on her
role as a mentor to increase science engagement for underrepresented groups. This impact was
evident in her efforts to find students summer internships in the absent teacher in the classroom
scene that showed students involved in destructive acts. Moreover, conditions were no better for
students when teachers were physically present but mentally absent in class and lacked an
agenda to build relationships, improve proficiency, or care about them.
Trusting teacher intentions, Keisha’s drawing implied teacher engagement determined the
level of science engagement for students. A mixture of teacher purpose and values held about
science education undergird classroom culture. In examples of teacher disengagement, students
mimicked similar bad attitudes about the content and expressed disconnected feelings toward
lived experiences. Blind trust, however, in education ignored the banking model limitations to
develop students’ critical consciousness. In turn, this limitation hindered student ownership of
knowledge production and obscured student agency in the classroom. In fact, students/teachers
have been taught that teachers cultivate engagement in science shown in the comic strip designed
by Keisha. This classroom scene centered on teacher pedagogy clearly expressed science
engagement as conditional and less driven by individual purpose.
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The two images with a dividing line represented the multiplicity of issues for
marginalized groups in science education. The comic design both exhibits and undergirds her
perception of care and mentoring being absent pedagogically. Keisha describes it this way.
I have a list of characteristics that to me describe teachers, that I definitely don't ever
wanna become. A teacher who doesn't care about kids, or their improvement, the teacher
who is in inappropriate relationships with students, the teacher who's trying to be popular
by befriending the students, the teacher who lacks classroom management, and then the
teacher who's just there because it's a great schedule as far as off time.
Convinced these factors limit engagement in science, Keisha invests in mentoring relationships
with students to connect self and science. Motivated by care, examples reflect pedagogically of
capacity building in students to think critically and understand scientific content.
Claudia’s Artifact: Certification is Not Enough
Claudia, the second science educator I interviewed, taught in a large public school district
in the southeastern region. In her words after the first experience “that gave me the teaching bug
that I always desired,” she remains a science teacher nearly 14 years later. Seeing the profession
as a calling, Claudia drew what appeared like a blueprint for effective science teaching. Also
issuing a warning, she shares this insight on “the ideal science teacher – not,”
The first thing that I would not want to be as a teacher is one who lacks a vision for their
classroom. Um ... before you even get into the education field, you have to decide what
type of teacher you wanna be and what you want your students to be. Uh, these teachers
who lack vision typically come with a lack of planning. So, a lot, over here, you see the
students sitting at the desk and I have the question marks and confused about uh, next to
their heads. They don't plan properly, so the students become so confused. So, over here,
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where you see the, the eye going toward the vision, they don't have world view of
education. Schools aren't one sided anymore, where you have one demographic of
students there. There are so many different d-demographics. And I think if you don't
understand a world view and how uh, different cultures, or different demographics of
students, or students with disabilities, how they um, navigate through the world, then all
of that kind of spills over into the classroom.
Emphasis on teachers having a vision, cultural competency, and ability to plan lessons that tap
into student interests become foundational to helping them engage in science (see Figure 13).

Figure 13. Claudia’s artifact of the ideal science teacher – not.
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In the considered minority, Claudia’s drawing represented a collage of consequences
from the ideal science teacher – not attributes. Student actions shown as evidence pointed to
perceived responsibilities for teachers to articulate vision, collaborate, and possess a motivating
demeanor. This perspective tipped the scale of knowledge production toward the teacher. It
removed the student from being the source of planned curriculum and instruction and prioritized
collaboration between teacher/teacher and/or teacher/administrator. In a top down approach,
engagement for students in science depended on what the teacher did more than student funds of
knowledge. Implied deficit mindsets mostly connected to student ambition suggested that
pathways to science achievement came directly from teacher demeanor. The student chance of
knowing science content, therefore, was described as unlikely and outside the dominant norm of
scientific knowledge.
Headlined by a collage of topics – vision, planning, student growth, and school
environment - emulate components added in this artifact necessary to engage in science.
Claudia’s drawing depicted a cause and effect scenario. One side served as a roadmap and the
other side served as a warning. Detailed in her articulation of bad teacher characteristics also
revealed the worldview vision to teach diverse populations. Claudia attributed disengagement to
teacher planning. She stated,
Planning lessons. So, starting with understanding how the curriculum is designed and
putting that into your content, and making, you know, bringing that over to the students.
But, um ... the planning in terms of how things go in your classroom, the procedures that
students follow everyday. I think most teachers who fail, or do the education system or
the students an injustice are the ones who don't plan for everything uh, that involves the
student.
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The reference to teachers not planning for everything showed up in Claudia’s attitude about
addressing students’ emotional wellbeing. For Claudia, the inability to center the need of
students beyond content development diminished teacher effectiveness. Therefore, being able to
motivate students required having information (i.e. interests, lived experience, family) about
them to use in context with scientific content.
Shown in Claudia’s drawing – vision and lesson planning - became the backdrop for
student growth and inclusivity in science classrooms. She demonstrated that when omitted they
disrupted student learning, confused students about the content, and fostered disengagement. She
explained, “I think most teachers who fail, or do the education system or the students an injustice
are the ones who don't plan for everything uh, that involves the student.” Claudia’s emphasis on
planning simplified teaching to predictable outcomes when you plan. While some assurances
come from being prepared academically, and through socio-cultural means, the unpredictability
of student responses complicate standardize approaches.
Similar to a car powered by gasoline, Claudia used descriptors like “unmotivating
demeanor” and crossed out words like collaboration and communication to illustrate multiple
variables impacting engagement. Not limiting engagement to the realm of the classroom, she
constructed a web that focused less on student contributions in the process. This dynamic
became a familiar narrative in the ideal science teacher – not teacher reflections to unconsciously
marginalize student ability to engage independent of external factors (i.e. experience, interest).
Summary of Artifact
The ideal science teacher – not project reflected parallels in how teachers understood
engaging in science based on personal experiences they deemed discourage students from
engaging in science. Collectively, an ethic of care demonstrated by teachers dominated reasons
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for engagement and/or disengagement for students in science. Participants differed, however,
with content delivery expectations. The K-12 participants emphasized student-centered learning
frameworks. This process, expedited by secondary teachers’ expertise in scientific content,
became the catalyst to holistic development. The professors of preservice teachers emphasized
culturally responsive practices. With less focus on building capacity in content knowledge,
equipping students with strong pedagogical skills took priority. Engaging students in science, for
example, meant knowing how to relate to the student, not the content.
Through discussions of the ideal science teacher – not teacher perceptions, it became
apparent what did not work. From this insider standpoint, teachers exercised similar practices
(i.e. mentoring, care, critical thinking, inquiry) to present scientific knowledge as connected to
student lived experience. All participant drawings implied that teacher demeanor influenced
student engagement in science. Personal descriptions along with images suggested teachers
controlled the culture of the classroom, not the students. Also, power dynamics existed
unchecked, impacting learner/educator engagement in science.
From artwork and the face to face interview data, the next section frames participant
experiences in two métissages labeled Métissage I: Engaging (as) Science Educators and
Métissage II: Engaging (as) Science Educators. A métissage is formed out of three strands
known as the participants one, two, and three that form a braid. The six participants, divided into
two groups, make up the strands in each braid creating a total of three braids for a complete
métissage (see Figure 14).
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Figure 14. Process for constructing braids into a métissage.
Métissage I: Engaging (as) Science Educators
“You have to decide who you are and force the world to deal with you, not with its idea of you”
– Baldwin
Converting acts from private to public interpretation remains personal amongst traditions
of casting thoughts to be sifted in a sea of opinions. Individual explanations about phenomena,
however, contribute to the socially constructed process of meaning-making using one’s lived
experiences. Mankind’s burgeoning possibilities transforms the world into a multicultural
playground. Diversity sustains its personal status, always validating the uniqueness expressed
through individual narratives. On occasion, listeners will talk back and ask, “Is that what you
thought?” toward conflicting ideas. As Phillip Lopate (1995) states, regardless of varied
meanings, “there is a certain unity to human experience” (p. xxiii).
As described by Bochner and Ellis (2016), “we depend on stories almost as much as we
depend on the air we breathe” (p. 77). So evident, yet hidden by prevalence is the potential of
storytelling to expose the source(s) informing individual attitudes and practices. A good story
suggests I learned what makes you you. Despite varying purpose, identity, and positionality,
humanity brings us together. Thoughts paint a picture of the world seen by the individual. Like
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the potential of leggo blocks given to a child to form skyscrapers with the help of an organizer,
the hanging thoughts need the assistance of interpretation to gain structure. On duty 24 hours,
interpretation processes information we feed it from our environment. Moreover, interpretation
requires filtering through social, cultural, and political perspectives to reach a composite
understanding. Origin stories automatically invite tradition, language, family, and place to
develop what is remembered. Held hostage to the function of memory, origins thrive in the
presence of recall to make meaning of life.
Stories have time periods and are remembered in the present. Not to be mistaken for the
experience, memory is the medium that articulates what is understood. Likewise, memory
awakens the potential to be transformed in the process of recall. At the intersection of memory
and imagination is the experience. Tempted to stop and see the experience as the story interrupts
the process leading toward deep knowledge that undergirds the phenomenon. Because “our lives
are rooted in narratives and narrative practices,” thinking with the story is allowing that story to
analyze you (Bochner & Ellis, 2016, p. 77). Therefore, the main way to know what makes you
who you are is to share stories, which then influence the way we see ourselves and others,
ultimately constructing how we make sense of the world.
Stories of becoming describe how something is brought into being. Like art, dance, book,
or song, each method is a contribution toward bringing something into being. Offered this way,
Deleuze (2004) suggests, “A concept is a brick. It can be used to build a courthouse of reason.
Or it can be thrown through the window” (p. 13). How one chooses to develop depends on many
factors. According to Hasebe-Ludt, Chambers, and Leggo (2009), “by bringing things into being
with our hands and our words, we continually participate in the on-going renewal of life in the
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world” (p. 43). Storytelling encourages processing and engagement in the world. It also creates
opportunities to conceptualize and reveal intentions.
Where are the stories? So few document creation stories on leading/following paths
among marginalized groups toward success in science. While science educators all over the
world grapple with race and gender disparities in science/STEM fields, who is asking for the
success stories that lead to representation and engagement? Instead, year after year, the same
story is told, Black populations and Black girls in U.S. schools significantly lag in achievement
and career attainment in science fields (Aud, Fox, & KewalRamani, 2010; Statistics, 2018).
Despite changing circumstances, curriculum, and pedagogy, the ability to tell the story
differently happens with storytelling.
According to Hasebe-Ludt et al. (2009), autobiographical accounts spark creation and recreation narratives on a personal level or much broader as participants in society. Narratives
offer insight into being and becoming. Resisting submission to dominant norms, words yield
clues about self, society, and how to pursue equity, purpose, and transformative practices in
science education.
By themes, the following braids, threaded separately, together reflect how each
participant arrived at engaging as a scientist. Capturing the story in braids one, two, and three
exposes the meaning making process of his or her life. While at first the lived experiences appear
unrelated, narratives have a way of becoming a meeting point to unify humanity (MacIntyre,
2013).
Braid One: How Circumstances Steered Me Toward Science
I am always fascinated when individuals vividly recall the tiniest detail of their
childhood. Coles (1989) describes it in this manner, “novels and stories are renderings of life;
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they can not only keep us company, but admonish us, point us in new directions, or give us the
courage to stay a given course” (p. 159). Participants, as learners of science, (re)membered
inequity’s profound influence on how they defined excellence. For instance, highly racialized
and gendered classroom cultures established teacher/student tensions around who (i.e. Blacks,
girls) should engage in science/STEM. Sifting of students in science/STEM showed up in
participant accounts at personal and institutional levels.
Consistently, interest and positionality dictated participant(s) interpretation and purpose
for the exclusive representation of science/STEM from student experience(s). Participant phrases
like: “I was conditioned to pursue STEM disciplines very early in my life” demonstrated how
social factors unrelated to holistic development controlled career decisions. However, awareness,
of inequities catalyzed participant interests to engage in science for social mobility, resistance,
and destiny.
Theme One: Recognizing that one’s interest and positionality impacted engagement in
science
I know more, but I’m not showing you: Ruth
Vivid memories of K-12 school science consisted of three things: bookwork, worksheets,
and cookbook labs. Teacher reliance on these resources either became an act of resistance to
changing social norms or limitations in the area of cultural relevance. The integration of schools
started around the time when I attended secondary school. For Black students, desegregation
added more to the learning environment than other races. As a Black student, I had to learn new
ways of being in the classroom. It didn’t take me long, for example, to figure out some classes
were not safe spaces to share if you didn’t know or understand something. The perpetual survival
mode, indeed kept me quiet, not asking a lot of questions or participating in class.
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Childhood activities, digging in the dirt, pulling flowers, and playing with animals
naturally cultivated my interest in the sciences. Repeatedly encouraged by family to pursue the
things that held my attention, I’d sometimes switch roles between the healthcare provider and
natural scientist. No matter which role I performed, it came with renewed excitement. Outdoor
playtime, for instance, with friends in the neighborhood instantly turned into outpatient care
services. Appealing to my will to help others and be defined as a doctor would send me racing
home for anything to assist the wounded. All I ever returned with was a bandaid and rubbing
alcohol to make the injured person better. Those experiences shaped my perceptions of the
subject of science as being the source of knowledge, engagement, and power.
By the time I started taking science classes with teachers who relied on the three
resources for instruction (bookwork, worksheets, and cookbook labs), my interest in science had
been solidified. The downside, however, is as I progressed through to high school, I took only
what was required for science credits. Not encouraged to do more, my mostly White female
teachers allowed me to underperform. Often, teacher complacency toward student achievement
projected an “If you passed, you passed. If you didn’t, you didn’t” attitude. While I did just
enough and made Cs and Ds in courses with teachers whose philosophy of science education fell
short to my expectations, I persevered.
Encouragement from home neutralized the low teacher expectations at school. The
question, “Was this your best?” from my parents set the bar for what was to be our standard
academically. Despite instruction at school suppressing the way I expressed engagement in
science, I learned, however, to grow my interest outside the classroom.
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Early Training: Bryn
Excellence held the standard in my household. Growing up, my siblings and I never had
to live up to pre-determined career goals. When it came to achieving our born purpose, mom and
dad made it clear that we were simply to strive for excellence. Sociocultural norms, indeed,
shaped my perceptions that a career in science, technology, engineering, and mathematics
(STEM) truly satisfied the high expectations set by my parents.
With an agenda to fulfill, I conditioned myself to pursue STEM disciplines in school.
Overwhelmingly, propaganda fed into my ambition about STEM fields representing the domain
of significance and value. Once I reached high school is when the refining process began on the
subjects that interested me the most. I remember being intrigued with the content in biology
despite not really liking my teacher in high school. I can recall the activities, dissections, and
lessons my teacher conducted from that class. Even though the teacher did nothing exceptional in
class and made me feel unwelcome, I liked biology.
For the seventh and tenth grade, I had the same teacher. And both times, the feeling that
he did not particularly care for me in his classroom still lingers. I attribute that impression
growing up in the Mississippi Delta as a Black girl with a White male teacher to my lack of trust.
Because the majority of my teachers were African American with a largely African American
student population, I noticed student expectations differed among teachers. Noticing patterns of
inequity from a personal level in school made me not impressed with some White teachers. I
found the teachers that showed zero concern or interest prone to beliefs I could not achieve. At
other times, the familiarity of a few White teachers not believing they taught students of promise
made me wonder about their choice to teach in such areas.
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Mrs. Bailey, my high school home economics teacher, didn’t treat me like the other
White teachers. Her classroom interactions with me affirmed my value. Because I knew she
cared informed the fond memories of being in that class. I had other teachers like Mrs. Bailey in
college. As a Black woman in a predominately White institution, I measured teacher
effectiveness through actions that communicated they felt I had the capacity to achieve. Things
like not being allowed to be another body in the room without taking part made a difference to
how I showed up in the classroom. The great professors I encountered for ecology, chemistry,
cell biology, and physics courses all had in common not caring that I was a Black girl in that
school. Being welcomed encouraged me to fully embrace the learning environment because their
actions reinforced they didn’t mind touching a Black girl.
Learning how to address the racialized and gendered imposed limitations on me became
as important to content mastery in school. Seeing both sides of social acceptance and rejection
secured my understandings of what it took to reach excellence as designed by my parents. Not
willing to concede and give credit to the myth of inferiority as a Black girl in STEM, I prepared
to deal with the teachers who didn’t care if I was in that room. Tapping into my own strength, I
made up my mind to focus on my love for the discipline of science and ignore that people said it
was beyond my reach.
A Quiet Voice: Joe
Somehow, I missed the dinner table conversations on career choices with my parents.
Dad being a successful doctor took for granted that his son liked, let alone dreamed, of pursuing
a career in medicine. In hindsight, growing up, I saw the signs that revealed how other people
planned my future. Unconsciously, dad’s work modeled where I was to center my interests
especially growing up in the early 60s where college-bound students selected majors based on
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family expectations. Eventually, I gave myself permission to discover the direction that most fit
what I professionally enjoyed, however, not without trial and error.
As kids, we had a lot of freedom. Outdoor activities like fishing, sailing, and camping
ignited desires to interact closely with nature. The skill of working with my hands came from
dad. Sometimes, he’d buy me lead soldiers to play with, and on the days he was not working
with patients, we’d spend time together at his workbench creating stuff with our hands. Over the
years, that stuck with me, using my hands to manipulate and design things.
The middle and high school years were uneventful. All my teachers liked the fact I kept
quiet and didn’t blabber much in class. Although I made good grades, I was not known as the top
student. When I entered undergraduate school, it became more like checking off boxes than selfdiscovery. The reputation of science in college as a high capital major played a huge factor in
deciding my area of study. For some, studying science appealed to those with aspirations of
being a doctor. Sitting in courses like organic chemistry only exaggerated my disengagement, yet
I opted to ignore those feelings and do just enough to secure my bachelors degree in zoology.
By the time I graduated, academic satisfaction on a purposeful level had not happened.
Moreover, it became clear dad represented the field of science that I later learned was not for me.
Taking a job after college working in a cancer research lab and witnessing a surgical procedure
to explore my interest in medicine did more harm than good. Balancing the culture of
competition in research and stamina in surgery guided by an innate passion for the task became
impossible. Instead, I chased after goals imposed by social norms until enrolling into the marine
Biology MAT program for teaching.
Within moments of first walking into the classroom, a surge of excitement rushed
through my body. Both the act of teaching and the sense of belonging adjusted how I perceived
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work in science. Suddenly seeing things anew, I found clarity on my journey toward career
options. The naturalness of teaching science came with a whole new set of experiences, mostly
success. Basking in the newness and deep satisfaction of teaching science, I directed my
attention on being researcher/writer and educator.
Braid Two: Resistance to Traditional Science Norms
Some argue that narratives are fundamental to the process of human knowledge about
self (Bruner, 1987). From autobiographical narratives, inner thoughts and impressions of self are
revealed in stories that create an identity. Participants relied on non-traditional and liberatory
practices to construct their science identity and ways to engage in science. Deviating from
dominant norms of scientific competency in schools, participants used phrases like “quasiscience nerd” to (re)present the function of science for purposes beyond the tested standards.
However, other participant examples of science identity formation relied on traditional methods,
like mastery of content, to engage and gain a sense of belonging. Merging scientific content and
social issues as the template for instruction engaged participants in science through pedagogy for
awareness of inequities. According to Strawson (2015), “human beings typically see or live or
experience their lives as a narrative or story of some sort, or at least as a collection of stories” (p.
11). Likewise, narratives code human experience, invented, reinvented, and distributed to the
world for interpretation.
Theme Two: Science identity informed career choice(s) and mode of participation
Outside the classroom developed my science identity: Ruth
I had several detours along the way to being a science educator. After I graduated from
high school and attended college, my aspirations were set on pursuing physical therapy.
Deciding on this direction professionally came with observations as a volunteer in a physical
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therapist’s office. I completely engaged with what I later realized was the less painful side of
patient rehab involving stroke and physical limb manipulation victims. This type of exposure
encouraged me to set my target on transferring to a medical school for physical therapy after two
years in undergraduate school.
In college, I joined a group for Black science students with the Dean of Student Affairs as
our advisor. Recognizing my interest in medicine, he suggested I apply for the summer program
offered at the medical college. Unexpectedly, I upgraded from observing mild injuries to critical
cases. Assigned to shadow a practicing physical therapist happened with no preparation
psychologically for training with her main patient, a burn victim. His condition was severe. Up to
now, physical therapy work did not challenge me emotionally. Despite having received care for
months, the visible signs branded on his body exposed the severity of his condition. Observations
of procedures like putting him in the whirlpool to scrub some of the skin as alternatives for pain
medication were apart of my experiences. Just the memory tortures me. Turned off by this
experience to the field, I ignored my mother’s efforts to revive my interest with advice like,
“You can do this. You can…you’ll get used to it.” So, by the end of the summer program, I
abandoned all ideas of being a physical therapist.
I took a break from my studies. It wasn’t until I married and moved to California when I
went back to school. Looking for a new career in science, I totally denounced the idea of
teaching. Finding the university in California’s biology program more specific than my previous
institution’s focus on general content appealed to my interests in plants. However, it didn’t take
long for professors to notice my academic strength. Dr. Stevens, for example, used to tell me
how I showed great promise because I really understood identifying plants. As attention
increased around my high academic skill level, I kept wondering why the flood of praise
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comments occurred in class. It was later I realized the university’s program to bring inner city
Black students with learning challenges mostly took remedial courses. Then, it became clear why
I stood out. Eventually, I became his teaching assistant the following semester.
With no openings to work in labs left me to do little side jobs after earning my biology
degree. Reflecting on interests after graduation with watching science videos, television shows,
and all things related, eventually, I thought about doing substitute teaching. Relying on my
extensive job experience as a Sunday school teacher, and the youth program director got me to
reconsider my position about being a science teacher. Through planned trips to places like the
science museum and multiple science-related activities, it became clear in a church where I
needed to develop my career.
Crossing hurdles: Bryn
Graduation launched the job search. Having abandoned early on a nursing career left me
to ponder questions of what to do with a biology degree. Connecting to interests in research, I
applied for advertised positions at nearby research facilities. Anxiety grew as I waited for them
to respond to my job application. Nothing happened. No call. No interview. Apparently, new
graduates as potential hires didn’t attract most employers. Also, I was a Black woman in the
Mississippi Delta. As waiting no longer became a viable option, thoughts about teaching
increased. Fighting against being added to the list of family members who were teachers,
suddenly it occurred to me…“Oh my God, I think I’m going to end up teaching.”
Returning to school to earn the Bachelors in Science Education came with more than a
diploma and skills in the field. Choosing to ignore stereotypical expressions like “those who can
do, and those who can’t, teach” freed me from the work to dispel myths of inferiority. By
surprise, I discovered the professional side of me early into the program. I had prior teaching
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experience at church for Sunday school and the youth ministry. Because of that, I developed
strengths in teaching. However, taking in the newness of teaching science content grew my love
for teaching. “You were born to do this”, my professor shared as he observed me in my element.
I agreed.
Transitioning from an extrinsic to an intrinsic relationship with science became the
process of gaining my identity. With every new life experience, I changed. Setting achievement
goals to gain content mastery and expertise in specialty areas (i.e. biology, chemistry)
accessorized my public image. Being good in biology buffered me, however, from the gaze of
inferiority. It mattered more back in the day; I showed up as a scientist mirroring qualities set by
the dominant norm. Although I knew science content, my relationship was superficial. Following
the example of how I was taught to relate to scientific knowledge as a consumer, not a producer,
evolved in my role as a teacher.
The feeling wouldn’t go away. Moving from the scripted models in school for science
education, I repurposed knowing science content in my own life. Seeing myself now as a
contributor to the field emboldened me to challenge the language of science. Taking bold steps to
expand upon the discourse of science created more than policy changes. In solidifying my
relationship with science, the less abstract science felt. It started to be more of my own and not
somebody else’s content I was learning. Today, confidence in being able to communicate ideas
and assume authorship of science knowledge embodies how I perceive science education.
Nature helped: Joe
Nine times out of ten, if given a choice, I’d pick the outdoors. The list of favorites,
fishing, sailing, and camping, consistently renewed my interest in natural science. Learning
about nature first hand gifted me with time to build informal relationships in science. No
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restrictions. No steps. No assessments. No imposing methods to interrupt my curiosity, agency,
and authentic learning.
Being a member of the boy scouts came with benefits. Most appealing was the
mentorship. Prioritizing the art of learning with social skills as the objective encouraged selfdiscovery. In comparison to schools, learning looked much different. Taking on responsibilities
like building fires, acting as patrol leader, doing projects for eagle scout, putting up tents, and
attending meetings probably had a greater influence than conventional school. In reality, K-12
and undergraduate school science curriculum tempered my tendency toward social sciences.
How I learned to interact with nature unconsciously became the standard for applying
scientific knowledge. The groundwork in conducting explorations and data collection from boy
scouts came in handy. Considered a naturalist environmentalist led efforts to convert mundane
classroom exercises into lively skill-building adventures. Professionally rallying behind placebased education, inquiry-based learning, and ecojustice, experiencing science looked like field
trips to nature trails and oceans. And labs. A lot of inquiry labs. Personal motives to fill gaps in
traditional science curriculum fostered the patchwork I performed. So, knowledge of nature
became the dominant lens influencing how I showed up as a teacher.
Braid Three: Knowing What Is Required
Mentorship is a commonly used term in education. The literature reviewed on the
underrepresentation of Black women in STEM, for example, references mentoring to improve
student completion rate (Gorman, Durmowicz, Roskes, & Slattery, 2010; Hill, Corbett, & St.
Rose, 2010). Often described as supportive, kind, and encouraging, the role of mentors as
mediators of others’ growth is reflected in narratives (Bozeman & Feeney, 2007). However, in
the absence of mentors, individuals seek alternative ways to make sense of life.
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Theme Three: Mentoring and vision influenced attitudes about engaging in science
A turn of events: Ruth
Testing the waters of integration in a small town in Georgia did not come easy.
Dealing with remnants of racial discord complicated the process of education for the uprooted
and replanted Black students in local schools. Having a voice wasn’t encouraged among Black
children nor were nurturing teacher/student relations with the White teachers. In part, schools
defined mastery for Black students as compliance to the social and educational norms.
Missing what you don’t have makes it obvious when it does happen. Growing
accustomed to apathetic White classroom teachers, like many Black students during the
beginnings of desegregation, conditioned us to survive in environments absent of care. To my
surprise, however, the unique behavior of my two White female English teachers in high school
taught in ways much different from what we were used to. Going from being invisible to visible,
their invitations to engage in conversations about what we did over the weekend or sharing what
we were interested in completely altered my role as a student. Their focus on relationship
building encouraged our voice. Because there was genuine care, not like anything I had
experienced before, it gave me confidence in other classes, like science, to actively engage.
Experience has a way of opening you to new understandings. In high school, all I had
was an unyielding interest in science and no social capital as a Black girl. Additionally, I had no
choice but to cope with the school culture of White teachers’ disengagement with Black students.
Witnessing the devaluing effects on Black student performance through impersonal, “business
only” transactions with White teachers made me appreciate teacher influence on how students
engaged. Observing engagement easily turned on and off like a light bulb in the presence or
absence of care made me wonder, how many others could have engaged more if I had done
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things differently? Triggered by that thought…I add to the science content, care, relationship
building, a variety of approaches, and creativity.
You can be wrong in here: Bryn
Teachers teach the way they were taught in school. I lived with that reality early on in my
career. In my own education, the reflection on what worked included lessons that made me think
through and learn through the experience. The importance of these two factors determined
whether I watched the clock or indulged my own curiosity.
Inquiry did it for me. Buying into the outcomes of authentic student learning through
inquiry restructured my focus on teaching students the art of inquiry in science. Already built
into the study of science, interpreting the application of inquiry in schools as a teacher, however,
competes with the culture of standardized testing. Defying traditional K-12 teaching styles
primarily rooted in the regurgitation of facts requires setting learning expectations using inquiry
on a critical level of thinking and engagement. This is what I did.
Be an inquirer. Leading by example, I become an inquirer too. Creating a safe space for
learning, I challenge myself to focus on science content outside my background. It’s like testing
a new product for performance satisfaction. Part of what I do for my students is design activities
mixed with questions and little exercises related to the science content to practice inquiry. The
thrill of learning how to learn content through inquiry because I inquired in order to learn also
shows them how it works.
Students enter at the start of the year fearful and leave fearless by the end of the semester
on formulating scientific explanations. Falling back on my reputation for not jumping in to save
them with answers when they are stuck is apart of my goal to influence their self-efficacy.
Recognizing the difficulty of breaking down barriers to learning based on the fear of not
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knowing help when I present them with strategies to think through the process. Watching them
speak while looking at me as they attempt to formulate an explanation turns into spontaneous
laughter across the room. “You are not going to answer it, are you?” Without ever needing to
respond, the other students coach their peers with shouts, “Go ahead and say it, you can be
wrong in here.”
On the job: Joe
It was year one of my teaching career. The schedule of courses, including the name of the
professor/instructor, had been published for the Fall semester. After taking a second look at the
course assigned to me, a small gasp of disbelief followed a cacophony of thoughts building in
my head on what to do. I majored in biology, not physics. With only one year of physics on my
transcript, how could I teach students that majored in physics with my limited formal content
knowledge? You shouldn’t worry, came the response from my superintendent, followed by, your
advisor is there to help you.
That single experience foreshadowed the teaching standard to expect the unexpected in
this profession. Suddenly thrown into the role to teach physics without any formal content
training became the norm to learn how to educate others by any means necessary. So long as I
had a textbook, the process of teaching physic content became possible with the extra cups of
coffee during the long sleepless nights preparing. Once you start teaching, you learn the content
was my revelation. Energized by the fact I knew more science as a teacher than a student in my
science courses increased my confidence to perform.
Taking the lead happened more as new science curriculum standards required teachers to
demonstrate expertise in multiple content areas. Lacking mentorship, I relied upon the leadership
skills acquired in my youth as a boy scout. I taught earth sciences, chemistry, physics, biology,
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and now science, technology, engineering, and mathematics (STEM). Eventually, as a science
professor, I evolved into a jack of all trades.
Through observation, I discovered the things I valued most as an educator. I knew,
having seen enough examples, that students needed opportunities to apply the content. Being
partial to collaborative learning showed up in my pedagogy, research, and service. Motivated to
be different by example in the way I model engagement in science pushed me to be better. When
I finally got a mentor, I learned hands-on minds-on activities. He was a senior in the field and
well respected. His enthusiasm fed my desires to provide meaningful instruction. For him, every
sentence started with, “Try this activity,” and every time, I would.

Métissage II: Engaging (as) Science Educators
No one is born fully-formed: it is through self-experience in the world that we become what we
are. – Freire
Braid One: How Circumstances Steered Me Toward Science
Theme One: Recognizing that one’s interest and positionality impacted engagement in
science
Chemistry set: Keisha
Since childhood, I loved the subject science. As early as fourth grade, vivid memories
confirm my science passion through examples of special requests made to my parents for a
chemistry set at Christmas. Knowing how scientific concepts affect real-life fostered my pursuit
toward deeper content knowledge. Situated in environments (home, school) that nurtured my
curiosity, I learned how to naturally respond to the things that piqued my interest. Most
important was I learned to recognize the role of science in all aspects of one’s life. This became
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obvious in ninth grade biology class. My favorite K-12 teacher’s example of using a personal
experience most people would never publically share helped us connect content to our lives. I
respected her courage and talent of demonstrating the ways we could apply science in making
life choices.
In school, I was labeled a quick learner. I could easily pick up concepts delivered visually
and auditory. For instance, I could read a text and re-reading it just before a test and then perform
successfully on it. I captured the attention of most teachers K-12 teachers with my high aptitude
levels nationally resulted in teacher campaigns to have me enrolled in their class. Despite one
physics teacher lacking social skills, never once did I experience discouragement by K-12
science educators to indulge in the learning of science. In fact, the example of the ninth grade
science teacher really cultivated my understanding of science as the basis for every decision I
make. I believe science represents the process to make logical sense of things in and out of the
classroom. I’ve developed a theory about science in my life if I can’t figure out a solution to a
problem utilizing aspects of the scientific method then it becomes a complaint, not a problem. I
rely on science for everything in my life. I am science.
Advice from others: Claudia
Dad enrolled me in a math and science summer camp my seventh-grade year. He was a
math professor at Wood State University where I later attended. For two summers, I participated
with other young kids getting the first-hand experience in the field. Pinpointing my initial
leaning toward science, however, occurred in high school. The way this science teacher always
told us “we could do this” had an effect on me. In college, when it came time to determine a
major, I remembered him. Initially thinking I would be a marketing major, objections from my
dad led me to consider other options. Prompted by dad’s words, “You’re too good to major in
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anything other than science and math” brought back memories of how I was always good in
science. With all arrows pointing toward science, I studied chemistry in college.
I caught the science bug early on in life. Growing up in Jackson, Mississippi, with parents
who were agriculturally inclined laid the groundwork for firsthand knowledge understanding
nature and mankind. The first time I used an outhouse was in Boyle, Mississippi. Dad and his
brothers would sometimes rent farmland I converted into academic playgrounds about nature.
Those unique experiences cultivated my independent thinking skills. As a student, I paid
attention, went to class, and did homework when required. Even though I didn’t study a lot, I still
excelled academically because I followed along in class with the teacher.
On two different occasions, fourth and eighth grade, something happened to alter the way
I approached education. In fourth grade, I let my mom help with a social studies homework
assignment. When it was checked the next day in school, every answer was wrong. From that
incident, I vowed to myself never again to allow another person to influence anything I knew I
learned. Then, in eighth grade, my algebra teacher Ms. Anderson (pseudonym), who spoke with
a Mississippi dialect that was hard to follow, if you had not read the book, kept repeating, “You
have to put the vurable” to highlight my error. After several failed attempts to make sense of her
instructions, I opened the book to read. Her words became clear as I read the term “variable” in
the text. From that incident, I made a second important vow to read for myself if I want to know
something. In both cases, I learned the option of relying on everybody else for my own progress
limits my academic growth.
Plan B: Tye
I hated the uncomfortable feeling. I attended a small, predominantly White university in
the northeast region of the U.S. to study computer science. In due time, I switched majors,
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abandoning the option to ask for help to pursue what I remembered being my best subject in
school. As a kid, life science fascinated me. Regularly, I would occupy my time between
watching nature shows and playing with bugs. I had associated doing science in my formative
years as a natural process led by one’s curiosity. Unaccustomed to structures that limited the way
I interpreted and interacted with the world put me at ease with my development as a scientist.
The more I spent time in school, however, the less I was able to enact self-directed science
explorations that fueled my true interests.
I believe several factors interrupted my development in science. Mostly, reasons related
to having a number of science teachers fail to connect the content to my life. I felt forced in
school to think about science in a certain way. By middle school, science became less fun, and it
progressively got worse by the time I reached high school. Eventually, I questioned my interest
in science. My resistance to how science was presented often got me into trouble. After repeat
bad experiences, I started to not like it as much.
I set the terms for how l learned science. In spite of the teacher (dis)encouragement, the
roots of my love for science were deeply planted. When it came to life science, I thrived.
Recognizing my natural propensity to become captivated by the content alone, despite teacher
delivery lacked relevance and excitement unconsciously taught me to author my own knowledge.
For me, this became evident in Dr. Klein’s high school science class. Despite the fact Dr. Klein
is the driest, most robotic, most cold person, I really liked the life science content. So although as
a teacher I was removed from him, I did not let that interfere with my learning. Many times, I
focused on the content, not the teacher, in science when I did not receive the instruction
necessary for my growth as a scientist. Instead, I relied on personal passions to understand
animals, nature, and life systems to teach me the habits of a scientist.
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Braid Two: Resistance to Traditional Science Norms
Theme Two: Science identity informed career choice(s) and modes of participation
Wildlife and Fisheries: Keisha
I had dreams of specializing in lions. Informed by my love for the practice of science, I
enrolled in the undergraduate program for wildlife and fisheries. As the only African American
woman wildlife and fisheries major at a southeastern university came with two initial challenges.
First, the program’s wildlife focus was on duck, deer, and alligators, not lions. Being confident in
my career choice to study lions, this notable limitation negatively impacted my interest in that
particular field. Second were several instances of racism.
Although underrepresented in science, my intersecting identities as a Black woman
scientist did not require external factors to encourage participation. For me, the practice of
thinking about the pros and cons is valuable in every decision made. Even more important is
thinking about the consequences on self, others, and society. The racist demeanor of my White
male professor merely dampened my excitement about the class, not the content. Recognizing
the choice to disengage would worsen the situation; therefore, I paid attention in order to pass the
class. I experienced other critical incidents in that program before deciding to shift to education
with an emphasis in Biology.
I never imagined being a teacher. Professionally, my passion always centered on the
practice of not the teaching of science. One summer after my first year of college, an opportunity
at my home church opened to teach. Inexperienced as a classroom teacher, I welcomed my first
class of six students mixed with kindergartners and first graders. Unexpectedly, it changed my
whole perspective about teaching. Obvious were the challenges and excessive workload, yet I
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enjoyed it. For the first time, in my spirit, I knew I could do this; however; the transition didn’t
happen overnight.
On one occasion while watching Oprah, the show talked about how thoughts we
subconsciously suppress surface every once in a while. It brought to memory how my thoughts
would periodically return to my teaching experience at the church only to be dismissed to the
dark recesses of my brain. Determined to continue the course selected, wildlife and fisheries, I
ignored God was speaking to me about teaching. Meanwhile, evidence piled up proving I was
not welcomed, for example, when the final had been rescheduled illegally to ensure my absence.
Ironically, those experiences taught me I needed to teach more than scientific concepts to
underrepresented groups in science education.
I believed scientists relied on their ability to think critically, so much so it became apart
of my pedagogical philosophy. I taught my students to view science disciplines as critical
thinking in disguise. I used the term so often in class I think students got tired of hearing it. Life
experiences have taught me the risks of decisions made haphazardly; therefore, I do not make
any decision on a whim. This is why I use the scientific method to model critical thinking. Every
day, that is what it looks like for me.
My Science Identity in Math: Claudia
“Math proves everything,” announced my brother the electrical engineer. And, it does.
Reflectively, I gravitate more toward science disciplines that are math based. I mean when you
think about it, almost every science subject, for example, Punnett squares in biology, gas laws in
chemistry, energy in physics, are proven by math. Foundationally, math undergirds my science
identity. Math helps me understand the concepts in science in ways that give me an advantage
over other science teachers. More importantly, it is my talent to make those connections using
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other content areas (e.g. social studies) to science concepts that make me a kick-ass (superior)
teacher, like when I tell students about the origin of measurements using examples of the king’s
nose or the length of their arms to determine a meter. It completely changes the classroom
dynamics into a cool learning environment.
It is impossible for me to understand a concept if it doesn’t make sense mathematically.
Relationally, math undergirds how I pedagogically construct science lessons. Setting the
teaching standard at the students’ ability to make sense of material requires I combine student
lived experiences and curriculum. Satisfying this “make sense” need becomes apart of my
teaching philosophy to address different learning styles. Mainly rooted in evidence-based logic,
mathematics becomes a model for other content areas to demystify abstract concepts in the
curriculum. I have been told before, however, that math is the exact science. Indeed, math makes
me a good science teacher.
Mission Oriented: Tye
I don’t see myself as a scientist. One would automatically assume I did with over a
decade of professional experience. Part of why I reject labeling myself as a scientist is how I
come to understand the way they behave. Scientists, I observe, exist in a constant state of
preoccupation with the study of remote things. Manifestations of deep interest result in their
ability to tell you everything about that one topic. I totally get their passion to know everything
they can about something; however, a lot differs in comparison to what I know the most about as
a science educator.
Science curriculum in schools encourages the pursuit of interests. Yet, when I use science
to study racism, I am not encouraged to share the knowledge with others, unlike the example of
moths. For some, becoming a scientist requires expertise in the content area and the freedom to
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be used as a platform for social change. Apparent censorship in the field of science on select
topics causes me to self identify as a teacher. Rather, science is the vehicle I use to teach.
Importantly, I believe the role of a science teacher should exceed the education of students about
scientific concepts. This is true for everything I do with kids, whether coaching basketball or
drumming. At the heart of what I do is to teach students how to construct their identity.
Transitioning from an all Black school population to predominantly White resulted in
more than just a change in school systems. Taking it all in at my new school, I was like, “Wow,
this is really White. What is my purpose here?” The more I pondered this question, I began to
realize how the Black kids lacked the supports necessary for their identity development.
Suddenly, it became clear the work I was to do here. I started looking for an opportunity to
connect with kids through existing school programs. Conveniently, private schools sometimes
encourage teachers to establish creative ways to connect with the students. Seeing the school’s
intensive study week option for a teacher-sponsored organization as the genesis for cultivating
meaningful relationships with Black kids, I introduced the idea to administration. The sell was
not easy, an all- Black group. Not willing to accept the initial response from administrators that it
would not work, I started to talk about all the reasons why we needed an affinity group based on
race. I shared how in my science class, Black boys were being treated like they were dumb.
Determined not to let it continue, I pressed the issue.
A few of my early memories at this new school validated the need to create a space for
Black kids to develop their identities. In my science class, this incident stood out that reminded
me of Wesley (pseudonym). I’ll never forget him and how his parents eventually withdrew him
from the school. It was on the first day of school returning from summer vacation. I had asked
the class a question, and Wesley, with excitement, volunteered to respond. He got up, and you
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would’ve thought it was stand up comedy. For a minute, I observed him and the class’s response
to this behavior as they egged him on before I stopped him. Disappointed by his performance, I
spoke directly to him, “Son, this is not what we’re doing here. There’s nothing funny going on. I
asked you a simple question. I want a simple answer, either you know it or you don’t. If you
know it, you speak to that. If you don’t, sit down.”
After I addressed Wesley, I turned to the entire class using what had just happened to
make my point about classroom expectations. We will not celebrate foolish behavior, I
explained. Surprisingly, what would appear like a bad thing turned out good for Wesley. Not
realizing at the time, I’d interrupted the suppression of his intellectual self and liberated him
from being a jokester. I began to wonder if other people in the school noticed, or if they saw it,
they did not say anything. Often, Black people are taught to shut up and suffer, causing us to be
exhausted emotionally. So, when I started the affinity group, I knew I wanted to give Black kids
space to learn how to advocate for self. My purpose is to teach them in middle school how to
articulate when things get intense so they can better navigate in high school.
Braid Three: Knowing What Is Required
Theme Three: Mentoring and vision influenced attitudes about engaging in science
It made a difference: Keisha
I always knew what it felt like to be identified as a high achiever in K-12 schools.
Likened to real estate, my academic value tripled with high scores on national exams. The sky
was the limit it seemed when it came to career intent after repeatedly hearing teachers tell me,
“You can do it. I fully expect you to do great things in this area.” Because I was such a strong
student, I naturally attracted positive attention from teachers. Throughout K-12 schooling, I
never heard a discouraging word about being a scientist.

113

Coupled with innate desires to practice science and constant teacher encouragement, I
stayed engaged in science classes. It wasn’t until I reached the undergraduate level I noticed a
shift in the way my professors interacted with me. Apparently, spared from teacher
discouragement until enrolling into college opened my eyes to the realities of racism. Often
looked upon as an anomaly, professors gave the impression they did not know why I majored in
science, specifically wildlife and fisheries.
Mastering science content was far less challenging to the hardships I endured socially as
one of the few Black women enrolled in the wildlife and fisheries program. Accustomed to not
seeing many Black people, let alone women in higher-level science courses, took its toll on me.
It wasn’t so much being the only – Black, woman, at times - that became unbearable as knowing
who wanted me to succeed.
Once in planning out my courses for the year, I went to my advisor to discuss which
classes I should take in the fall and spring. For wildlife majors, the time of the year decides what
courses are offered. Depending on the curriculum, some things are only offered in the fall, like
forestry, and in the spring hatchery. Because I quickly realized missing a class only offered once
a year delayed when I graduated initiated the first meeting for help on selecting classes with the
advisor. Immediately, he downplayed my concerns with cavalier responses not to worry, “You’ll
figure it out,” which later became confirmed lies. Examples like that made it difficult to trust if
the help given was actually helpful.
As I had feared, come junior year, it was clear I had not been advised well on when to
take courses. Over time, it felt like more effort went into securing I failed and not succeed in the
program. Recognizing the perpetual tug of war between my interest in science and social
inequities, I dropped out of the wildlife and fisheries program.
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There’s a story for every exercise: Claudia
Learning scientific concepts was my thing in school. Once I reached college, I’d go out
of my way to avoid working in science groups made up of people not fully engaged with it.
Devoted to learning, I developed a standard for engagement with peers, “If I didn’t know
something, I needed you to know it.” Appearing transactional, most relationships between
individuals in schools encourage or discourage learning. Somehow, connecting details like this to
my deep knowledge in science formed bigger ideas about best practices for student learning.
In the classroom, I put myself in the place of a kid. I don’t ignore the different life
experiences informing how students think or interact with others. Traditional methods of
teaching, however, make it difficult to gain their interest. That’s why I tell stories. Lot’s of them
and funny. I bring “whatever kids do these days” into the lesson with a true story. No matter the
topic, I always have a story that weaves scientific concepts with a social issue.
So, I have a story, for example, that I share about why I don’t get on rides at Six Flags
anymore to my physics students. I told them how I and a few other science teachers once
conducted informal science experiments at the State Fair on the dangers of rides that go at high
speeds. Noticing the only sounds in the room came from my voice, every eye watched my body
gestures standing in front of the class. I talked slowly, raising my voice to intensify the bad. I
continued to build my defense against rides as I transitioned to another story. Does anyone
remember hearing about a lady that died at Six Flags while on a ride?
The initial story set the stage for their active participation in the lesson. A few students
nodded while exchanging random accounts of what they knew. I continued talking as if only to
myself, “Yeah, she flew off the ride,” I confirmed, and the first thought I had was, “Wow,
projectile motion, they don’t even know where she went cause you have to calculate how fast she
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was going.” Now, I had contextualized projectile motion within an event familiar to students’
lived experiences; they wanted to know more about what it meant. The floodgate opened to other
concepts like centripetal force or centripetal acceleration. Keeping up with the momentum of
questions, it is little stories like that that get the kids motivated to learn.
Giving students what I didn’t have: Tye
Life science easily got my attention even when teachers failed at connecting with me in a
different way. So, after taking biology in ninth grade, “I wasn’t engaged, didn’t really care,
wasn’t interested.” My middle school teacher in sixth-grade was a White woman, for seventh I
had a White man, and in my eighth-grade year, I had a Black man. The science department
lacked any diversity in high school with all White male teachers. Lasting memories of being
frustrated by irrelevant representations of science intensified the more teachers ignored what
interested me. Learning in school for me became a negative thing. In fact, I associated learning
with “struggle that was so uncomfortable, there was no joy.” Needing this not to be true for other
students, I prioritize making the learning process feel good. I first set expectations kids learn to
connect with each other on social and cognitive levels during the learning process. Reaching the
point I believe students feel safe to take risks intellectually in science renders longer lasting
returns than what is learned. So pedagogically, I work to reach this goal because “being happy
while you learn is the best thing a human can experience.”
Establishing authentic connections was never a priority among my teachers in school. So
many times, teacher practices denied me of opportunities to be my real self and integrate
examples I could relate with, developing confidence academically to pose questions instead of
being silent out of fear that my thoughts would be interpreted as dumb. Equally important, I
realized how shrinking from teacher responses to student questions promoted disengagement.
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Instead, my experiences in science impressed upon me the absence of spaces for holistic student
development.
Too often, the bad outweighs the good between student/teacher relations when it’s
functioning in a realm of disconnect to authentic learning spaces. So much is possible, however,
when spaces are available to students to be their real self. I want that space where “the kid’s
natural curiosity is allowed to drive the learning, that’s when they get inspired. Once they’re
inspired, you can’t stop them. It’s like nobody can, right?” What I notice a lot is Black kids don’t
get to authentically connect with other peers. I describe what happens as putting on the mask.
Literally, masking who I am reflects the tensions in spaces that do not value my intellectual
contributions. Determining how best to protect myself from humiliation, I shrink. Repeatedly, I
shrink at raising my hand, taking the lead in labs, sitting in the back of the room until I no longer
have a science identity.
I see Black students’ struggle for a place to belong in science, and I want to interrupt it. If
I do it for them, it also benefits all kids by norming other ways of being. This all stems from my
K-12 memories of not receiving what I needed in order to progress and wanting so badly for
others to have equitable experiences. Indeed, “that’s what drives me to do what I do.” Because I
want for them to have what was not given to me.
Constructing Weaved Journeys
Most prevailing messages in science education render standardized ways to provoke
student engagement in science. At times, implicit and/or explicit practices ignore the influence of
inequities on science engagement. Although dominant narratives in research and among
practitioners suggest indicators like behavior, cognitive, emotion, and agential measure
engagement, limitations exist knowing how to identify engagement.
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Engagement in science was defined using the 6 “C” model introduced in the conceptual
framework. This 6 “C” model integrates a sixth “C” for culture into Mutegi’s (2011) five
mastery type - content, currency, context, critique, and conduct - to engage in science for social
transformation. His model is mainly directed at marginalized students (i.e. African Americans) in
science.
1. Content requires deep understandings about scientific concepts. A social transformation
occurs when students know the dominant science codes and cultures to inform social
change, therefore, necessitating that marginalized students be positioned to master
content.
2. Currency focuses on connecting science and social issues. Here, student engagement
involves applying science content to unpack content relevance to lived experience.
3. Context can help personalize learning and foster inquiry into non-Western approaches to
science practices. Taking a broader look at scientific knowledge, habits, and traditions
expands the utility of science for marginalized students.
4. Critique promotes critical consciousness. Science becomes a medium to analyze systemic
forms of oppression through explorations like the use of food as a social weapon.
5. Conduct sets expectations for activist outcomes. Fully equipped at the close of the
learning process, students are expected to reflect on, question, and formulate ideas to
improve social conditions, which further defines the purpose for science engagement.
6. I have added to Mutegi’s model a sixth “C.” Culture expands interpretation by
encouraging ways of knowing, such as diverse behaviors and beliefs. This promotes the
norming of difference (Linton & Davis, 2013) so that students better understand nontraditional forms of scientific knowledge.
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Taken from individual accounts woven together, the study findings narrate ways of defining
engagement without erasing difference. This approach uniquely opens the possibilities to explore
un(der)known catalysts of engagement absent in current research literature.
Summary of Findings
Through life writings, this study adds details to existent literature not evident on the
lead/follow developmental process through servant leadership related to science engagement. It
also pinpoints diverse perspectives about what variables influence engagement or disengagement
and defines engagement. Data generated from artifacts, interviews, journal entries, and
observations to construct métissages personify what experiences past/present influenced them to
become engaged in science/STEM. Additionally, it discusses the role of social inequities as a
catalyst for leading and engagement in science. The source being equally important as the
content situates this research in life writings gathered from six diverse perspectives to gain
knowledge of what constitutes engagement. Seeking not to arrive at conclusive outcomes, the
goal rather is to break away from norms that celebrate uniformity. The study findings offer a
narrative for understanding science educators’ development and practice of engagement for
underrepresented groups toward equity in science education. Illuminating the successes of
science educators helping others engage in science by investigating their development to lead
and engage contributes to the understanding of underrepresented groups achievement and
participation in science/STEM.
Three findings emerged from the data. The following discussion of findings use the 6 “C”
model to convey study participants’ personal and professional perspectives of engagement in
science and the way it impacts how they prepare future generations of science learners/educators.
Analyzing the study’s findings using the 6 “C” model repurposes the goal for engaging in
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science. Engagement is a gatekeeper (opening and closing doorways) to science/STEM
education for marginalized students. The closure to their extended engagement necessitates a 6
“C” model as an inclusive framework.
Despite mastery types being described as independent intenties, it was difficult to
pinpoint single examples from the data. Because overlap existed where multiple mastery types
surfaced throughout narratives, the findings characterized primary responses made by
participants. For instance, conduct being dominant in narratives included secondary mastery
types – critique and currency. Conduct demonstrated by particiapants almost always involved
elements of critical consciousness development using links between social issues and science.
However, all mastery types were reflected, (attention to content, context, and conduct) from
study participants’ narratives best answered the research questions: How have participants
become, and led others to become, engaged in science? The sub-questions were: How are their
understandings of engagement related to in/equity? How do they attempt to develop others’
sociopolitical awareness of inequity?
Content
Finding 1: Participants helped marginalized students understand the culture of science through
pedagogical strategies that connected self and science.
Mastery of content, Mutegi (2011) writes, is important for social transformation. From
the standpoint of Paulo Freire, he describes how mastery of content is essential for social change
among marginalized groups. To confront inequity’s influence on science/STEM education,
marginalized groups need to be made aware of dominant cultural norms. Gained knowledge
about dominant cultures becomes a catalyst to transcend inequity in science. Participants in the
study challenged examples of power, race, gender, and class through an ethic of care to improve
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marginalized students’ performance and perception of science. Content mastery guided
initiatives attributed shortcomings for underrepresented groups in science/STEM to absences of
culturally relevant pedagogy, economic inequities, and sociopolitical issues. In the next
paragraphs, I discuss each in relation to content mastery.
Absence of relevance
This arts-based interview study found omissions of culturally relevant practices pertinent
to engagement in science for underserved groups in science/STEM education, with the exclusion
of diverse (non-dominant) scientific practices as reasons to disengage. Science education is a
socialization process for non-dominant groups embedded in decontextualized learning.
Standardized systems for mainstreaming scientific knowledge and practice from White middle
class norms promote understandings that devalue indigenous scientific knowledge. According to
Zuss (1997), student awareness to differences manifest in conscious decisions to apply or reject
dominant cultural norms for alternative options. Therefore, science disengagement acknowledges
the awareness from marginalized students to be excluded from scientific representations of
knowledge and practice.
In explaining strategies to maintain science engagement, one participant describes
ambiguous classroom procedures as a barrier to content mastery and offers solutions of explicitly
stated behavioral and academic expectations. He expresses it saying:
I try to give them access, information as far as expectations. What I learned is that is
countercultural in this school, which in public school, that was pretty much standard. In
here, people don't like to do that. Kids who come from different environments have a
hard time navigating the space because they're guessing, right? They're playing a culture
game. What flies here? What flies here? I don't know. I don't know.
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Marginalized student groups experience difficulties with science content mastery because teacher
expectations are not explicit, differentiated, and solely reflects dominant social norms. For
instance, socialization hinders learning scientific concepts for non-dominant groups when they
have not been equipped to understand the dominant culture of science taught in schools. This
sentiment on the specific challenges is shared from a participant:
We have to learn to teach African-American kids because they learn through time. They
don't have the experiences that everybody else have. So, you have to make sure you're,
you're constantly drilling the information for them because that's through time. And so,
we find that the African-American students will tend to not go towards science or not go
toward math because we don't take the time to ensure that they have certain
fundamentals.
Science curriculum in schools originates from a perspective not relatable to non-White students;
therefore, skill building to connect self and science is not developed. Instead, marginalized
students are exposed daily to decontextualized science content that conditions them to view
science as abstract. Because science is socially constructed, the meaning and utility of science
vary at a social, cultural, and political level. Teacher professional development, for instance,
acknowledges the diversity of student conceptualizations of science with workshops on
differentiation. Despite understanding scientific interpretations of the content are not standard,
the teacher’s standard for differentiating scientific content reflects Western traditions and values.
In turn, examples of deferred responsibility on non-dominant student groups to relate to their
lived experience from Western science perspectives promotes disengagement. Similarly,
connections to science content mastery are rooted in culturally relevant practices, thereby,
associating engagement to the integration of diverse perspectives in science/STEM education.
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Economic inequities
Participants recognized economic inequities as barriers to engagement in science. They
framed issues of time with content to think and learn and hands on experiences as significant to
understanding the culture of science from dominant and non-dominant perspectives. Seeing
disparities in student exposure to apply scientific concepts beyond classroom experiences
because of finances, one participant shared her strategy to avoid disengagement through paid
internships.
Now I can actually put you in an opportunity where you're getting paid, you're getting a
mentor at your job as well. You're creating a social network, you're also getting academic
content. Exposure in the summer,"which is typically a time where students are, you
know, not focusing on academic content and intake. So, I have been very intentional in
making sure that our students have those opportunities, that other students, you know,
have had all along.
Economic inequities dictate levels of engagement for marginalized students. Examples of school
funding between wealthy and impoverished communities show differences in instructional
strategies with less exploratory activities for the impoverished groups (Barton & Greenberg,
2016; MacLaughlin, 2014). The economic aspect situates engagement as contingent on one’s
ability to invest time and money. Resources of time and money become limitations for
marginalized groups affected by racialized and gendered social norms. In one participant’s
supervisory role of preservice science teachers, she openly discusses the way she works to
retain/enhance student engagement in science:
Grants, scholarships. Things like that, that I'm going to say, hey you should look into this
because I know you're having to work, you know, these two jobs or work extra. And, so,
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because they're having to work, they don't have a lot of time to really think about and
engage in their content the way that they would like to...and learn it the way that they
need to learn it. So, that's my way of helping them engage in science by taking some of
the pressure off.

Forced to meet basic needs, socioeconomic inequities interrupt student mastery of scientific
concepts. Time to process and develop deep understandings in science is usually replaced with
working on a job, which produces deficit outcomes for low socioeconomic student groups
lacking in financial stability to freely explore scientific concepts.
Sociopolitical issues
Participants used their science educator role to change the status – image, access,
curriculum, pedagogy - in science education from a White middle class standard. Expressed as a
limiting factor, monolithic representations of science education in schools supported the
participant(s)’ belief; this reality spread elitist attitudes and inequity. One participant reflected
that most impacted marginalized groups and referenced sociopolitical reasons to back her work
to create inclusive structures in science.
I think the exclusivity of science and how it's represented main stream is what challenges
me when I am providing experiences for students from whether they are low socio
economic…I can tell you I was very protective of my little girls in this school.
Organizational systems based on factors undergirding its framework discourage marginalized
students from engaging in science. From a political frame, organizations compete to achieve
specific interests in societies with multiple viewpoints and desires to gain control (Bolman &
Deal, 2017). Therefore, teaching of science in schools is not spared from examples of power
struggles. Science/STEM achievement gap reports, for example, reinforce a White male middle
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class standard by race, gender, and class positionality of ownership (Snyder, de Brey & Dillow,
2016). Compounded by decontextualized instruction for non-dominant groups, public
recognition of White students as academically competent in science promotes deficit narratives
and othering of Black students with ease. Instead of questioning standardized curricular and
instructional frameworks’ inability to support and capture diverse ways of knowing, the values,
interests, culture, and voice of non-dominant students are disregarded in science education. To
address these inequities, one participant explains his work with a colleague to change preservice
teacher mindsets.
Well, Bryn and I collaborate. I do the methods pedagogy. And they take the lessons that
develop 5E, and she helps them in some of the assessments. And the philosophy and
theories behind that. And how to assess inquiry, or active engagement learning, how to
do that beyond just a test. So, I think that's one unique way we've been able to work
together, because assessment is so important, and testing, and trying to get our kids to
think out of the box about assessment.
Presenting science as a symbolic process of interlocking pieces demonstrates its pervasiveness in
the world. Moreover, science identity misconceptions condition the personal and social opinions
that characterize participant and competency levels. Likewise, criteria uphold dominant norms
and marginalize non-traditional representations of scientific knowledge through images and
perspectives. Because science is not apart from but apart of all things, using standardized
approaches disregards the multiplicity of expressions and interpretations.
Context
Finding 2: Participants recognized and countered systemic forms of oppression (i.e. power, race,
gender) for students who are marginalized in science education through outreach in STEM.
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Mastery of context exceeds impersonal submissive acts of scientific knowledge intake by
students in classrooms. According to Mutegi (2011), mastery of context for African American
students centers the role of science to a specific people, Africans. He entertains exploring aspects
of scientific importance, development, and health related implications as learning goals for
engaging with scientific content. Bridging achievement gaps recognizes the decontextualized
experience of marginalized students in science classes and its negative impact on self and
community. Because schools contextualize science education standards from dominant
perspectives, this conditions non-dominant groups to accept myths of inferiority and inequitable
science curriculum/instruction. Participants in the study supplement traditional science teacher
practices with culturally responsive practices to promote student agency and inclusion for
marginalized groups. Context mastery from a multicultural lens becomes a way to engage in
science in order to understand positionality’s impact and power dynamics. In the following
paragraphs, I discuss how awareness of systemic forms of oppression guided participant
pedagogy.
Positionality
Participants’ cognizance of positionality influenced self and others to learn and teach
science. Often, external factors – stereotypes, myths, classroom environments -determined how
they engaged. Not valuing the role of positionality for marginalized groups in science impairs
their ability to navigate mainstream science norms. Because science is culturally tailored, it
requires social and content knowledge development to succeed. Proffered by Acevedo, Aho,
Cela, Chao, Garcia-Gonzales, MacLeod, and Olague’s (2015) notion of positionality theory,
“student’s identities vary across contexts and inform as well as are informed by the individuals’
positions in the learning environment” (p. 32).
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For the Black female participant, Bryn, knowledge about her positionality in school was
evident in narratives growing up in the Mississippi Delta. Her memories of being a science
student in high school surfaced critical incidents that ignited her determination to dispel Black
students in STEM myths of inferiority. Attending a majority Black high school, Bryn described
how her White male Biology teacher’s attitude projected one of not teaching students of promise.
Bryn was never distracted away from her interest in science, despite taking courses with
instructors who tried to discourage her progress. For the good experiences, Bryn described
interacting with teachers who didn’t mind touching a Black girl, and in bad seasons, she’d
activate her coping strategies:
Even though I didn’t care for that guy, I was prepared to deal with him. I wasn’t afraid of
him and all the other ones that seemed to really not care if I was in that room.
Through context mastery, scientific content has purpose unique to the individual and society at
large. For instance, being able to dismiss teacher discouragement involves having the right
perspective about self and other people. Centering one’s positionality fosters understandings
about the challenges to cut off opportunities to engage in science in spaces not welcoming.
Though knowing does not remove the consequences of racism, knowing refines awareness to the
attacks and helps one build up self-defense mechanisms.
In training preservice science teachers, one participant used the tenets of positionality to
advise teachers against deficit mindsets for marginalized students. Drawing from classroom
memories as a Black girl/woman initially considered unskilled by White teachers until proving
highly capable, she shared how she prepared preservice science teachers.
And one of the things that I've...I've stressed to them as they go out is that your job is
not to save students. No, they got parents and communities and folks even if you think
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they don't. What they need is a good teacher. I don't need you to go be their best friend
and all those kinds of things. I need you to care about them, but I...I particularly need you
to help them understand science and engage in science in a meaningful way. And, the
majority of them have been able to do that and many of them continue...have continued
past their two year obligation and have stayed in those schools.

Enacting social change for marginalized students in science involves (re)imaging traditional
methods of science content delivery to mirror students’ lived experiences. Acknowledging
limitations exist related to positionality is fundamental to this process. Sparking agency and
relevant perceptions about scientific concepts, however, becomes byproducts when teacher and
student independently learn to contextualize scientific knowledge.
Power dynamics
Participants upheld teaching philosophies to provide personal/professional opportunities
for growth to all science students. Issues of power in science education explained the reasons for
diverse levels of engagement in science. Science education highlights flaws to offer inclusive
science curriculum/instruction from cases calling for culturally relevant science pedagogy
(Mensah, 2011; Milner, 2016). The experience to apply and present scientific knowledge become
privileges to some, not all. To engage students, participants prioritized planning equitable
science activities. For example, several participants encourage students to share their knowledge
on the science topic being discussed. During a physics lesson, this participant explains:
I was teaching the other day, and the boy said, "Oh, yeah. I know how to mit - ", they
have lasers now that measure land. I said, "What? I don't know what that is." So, he
explained, he say, "Oh, I did construction with my dad." He was so engaged in the lesson.
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And I, some other kids were struggling in another group, and I was like, "Hey, you need
to go over here with Alfred because Alfred is where it is."And so, they were able to learn
from Alfred. And so, then we had to guesstimate the length of the hall. So, he was able
to bring his concrete knowledge in and actually co-teach with me. So, just...yeah. I thi , the lear - , yeah. You...I don't know. That's the only way to bring it into context because
you have these conceptual views but you know, to make it concrete for individuals is, is
just...rewarding, and...
Engagement happens organically in settings where the science classroom culture welcomes other
ways of knowing and when teacher/student power dynamics are equally distributed using a coteach model that values student funds of knowledge to construct meaning of scientific concepts
(Moll et al., 1992). However, supporting mastery of context involves teacher reflection on
instructional practices. It requires transparency about teacher limitations to frame science
education as a collaborative experience between teacher and student. This participant account
shows how he used his students as resources to contextualize scientific knowledge.
I learned personally when you teach something, you get a better understanding. I also
learned from them that teach each other way better than me. When they're on, they can
pull references, and all the things they're into. They pull all that stuff in. They put it in the
lesson. I'm like, "Wow. That was awesome. Yeah, I couldn't do that." Then I say it. Hey,
you all here, Daniel did a great job, didn't he? Yeah, he was awesome. Yeah, I couldn't do
that. That's why Daniel was teaching. That's why all of you will teach. I think that level
of transparency is good for them because it lets them know that I know they have value
and they have things to contribute that I do not, right? Again, that's part of the protocol
for my class.
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Situating students as the owner of knowledge diminishes power dynamic interferences with
achieving mastery of context from standardized curriculum/instruction. Removing one way
teacher power dynamics of transferring knowledge to students creates a platform to express and
realize individual talents and centers student’s voice in the classroom.
Conduct
Finding 3: Participants offset disengagement in science among underserved groups through
meaningful relationships and presented non-dominant examples of scientific inquiry.
According to Mutegi (2011), conduct mastery trains students to resolve social conditions
through science education. Having modified and made accessible dominant representations of
science to non-dominant groups from content and context mastery, conduct mastery prompts
students to engage in forms of activism. Breaking from passivity to activity in science classes
demonstrates how marginalized students utilize a scientific lens to answer questions for
improvement of social conditions. Participants in the study depended on relational strategies to
engage marginalized students in science and to (re) claim science education for all. Framed as
action oriented, conduct mastery encouraged applications of pedagogical strategies to confront
science inequities. In the next paragraphs, I discuss participant reliance on relational approaches
– mentoring and outreach programs - in response to conduct mastery.
Mentoring
Participants pursued student and/or teacher alliances through mentoring for engagement
in science. Beginning with building teacher/student relationships, mentoring offered access and
achievement denied to marginalized groups in science education. Convinced that making science
relevant to students’ lived experience bolsters achievement takes more than providing students
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with examples. Participants discuss the responsibility of mentors to include sociocultural factors.
One participant outlines her approach to mentoring this way.
So So, I had been very purposeful in, number one, engaging in relationships, specifically
with young black woman who tend to have a greater need for structure, support, and or
encouragement because they lack those things at home.

Bolstering underrepresented groups’ ability to engage in science extends beyond culturally
relevant science pedagogy. For instance, success in science/STEM for Black women demands
more than content proficiency. It requires navigating sociocultural norms through mentorships
and community support systems (i.e. sister circles, church) (Farinde, 2012; Hadzigeorgiou,
2015).
Mentoring presented in another way prioritizes storytelling. One participant explained her
approach to present science as relatable and belonging to all mankind. Building on things learned
about her students through relationship, she modeled from her life how to engage. She described
how she weaved personal stories into the lesson to demonstrate how it applied and helped
students connect to the content and to her. Working both ways, Claudia invited students to
personalize science content with things in their life. A place to explore, grow, and belong,
Claudia actively pursued student relationships to engage them in science. She described it this
way:
But I try to tap into what it is that they were best at. And that was a, that's one thing I
mentioned before. Even educators. You gotta tap into their value and, ah, worth. And so,
that's how I reach under-privileged students or under-represented students. Learning
what it is that they're good at. And even if, and I don't just capitalize off what they're
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good at. I can take what they're worst at and build them up. Because you want them to be
so well-rounded that they can maneuver through the world. It's not just about science. It's
about being able to navigate this big place.

In any context, good mentors motivate individuals to be their best, especially when they benefit
from the experience. The process of learning is heavily rooted in the things to which one relates.
Equally important is feeling valued in the classroom. Although multiple factors impact student
success, student/teacher rapport directly influences participation, application, and opportunity.
Outreach programs
Participants believed they held the responsibility for progressing marginalized groups in
science. They involved themselves in community work to confront misconceptions of who
belonged in science and promoted social uplift (Charleston, Charleston & Jackson, 2014). They
shared agendas to mentor less experienced science teachers and blended culturally responsive
practice frameworks with sociopolitical consciousness development. One participant described
her commitment this way.
The thing that gives me much joy is my project in the Mississippi Delta. What really
gives me joy is my mission of social justice around Science Education. That's where my
joy is. The reason for that is because I am not only making Science accessible to my little
white girls who actually start the year feeling like I cannot, I don't want to teach Science,
I don't want to pass my negative disposition towards Science. This is data that I got from
them. This is public data. I don't want to send that, I don't want that message to get to my
kids that I teach. This is what they hope that they can accomplish in my class is that they
overcome that.
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Science teacher expectations often dictate curriculum design and pedagogy. Marginalized
students are impacted most by curricular and pedagogical decisions made about student ability
levels. Science teacher perceptions – high or low - have an influence on student outcomes.
Ultimately, it is not the content that hinders student progress for marginalized groups; it is the
dominant representation of science that narrows participation. Therefore, science teaching for
participants is about dismantling negative stereotypes and portrayals of science knowledge as
exclusive to White middle class males. Importantly, teaching science to marginalized students
becomes about simultaneously building content knowledge and expertise to overcome sociocultural-political injustices.
One participant acknowledges that outreach comes from a place of guilt. Fully aware of
barriers faced by marginalized groups to engage in racialized and gendered societies, science
education becomes another area impacted by inequity. Moved to serve, this participant describes
his call to action.
I feel like I don't know what motivates me so much, but a lot of it is just wanna give
back, and really...They've been so exploited, people there. I think I also have enjoyed
over the years working with underrepresented, and maybe, I don't know if you would
classify them, but science ... African American. I've had a number of doctoral students
who've gone on, like Bryn and Tim Cones, and people like that in South Alabama who
I've enjoyed working with.
Enacting equitable science education becomes a restorative process. To increase participation for
marginalized groups in science begins with a conviction to right the wrongs of history that devalued indigenous science, diversity, and Black people.
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Summary
Collectively, the science educators’ narrative accounts reflected in the two métissages
and artwork provided insight for engaging underrepresented groups in science. From the
composed biographical accounts of participants’ lived experiences, I discovered that care,
relationships, equity, purpose, and mentoring shaped how they provoked engagement and sought
its expression among underrepresented groups. I also determined that external factors related to
social inequities framed how science educators understood and pedagogically embodied
engaging self and students. Last, their accounts suggested they engaged in implicit/explicit forms
of resistance to the dominant norms in science/STEM education in the three findings.
Limitations
Although the initial interview was conducted face to face, the second interview was held
virtually through Google hangouts. This mode made a difference in how I observed when
participants situated the camera from the shoulder up, permitting me only to observe facial
features. The fact participants were given interview protocol questions prior to the first face to
face interview potentially allowed them to prepare a response that made them appear in ways not
representative of their true practice, belief, or values.
Journaling before and after interviews helped me identify emotions, ideas, and pose
questions on what I witnessed during the interview. I did not require study participants to journal
their experiences before and after interviews. Because narrative inquiries are dependent on
memory, including pre and post journal, prompts could have enhanced their engagement with the
process and provided more insight into the symbolism represented in their drawings. The
absence of participants from different cultures and other categories, such as sexuality and
religion, may have narrowed the range of perspectives.
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I interpreted participant responses from two semi-structured interviews, an artifactdrawing, and observations to re-narrate their story. Although the information was first hand from
participant interviews, the métissage was a creative product I wrote using their responses to
represent how I made sense of their narratives. Additionally, my interpretation of what was
drawn and explained by the participants was reflected in the drawing analysis and does not
include participant analysis of their drawing.
The 6 “C” conceptual framework introduced steps to identify and enhance engagement in
science for marginalized groups. This effort to expand on how engagement is conceptualized
beyond psychological indicators presented a teacher checklist for engaging students. This model
lacks empirical evidence to suggest the way to prevent shortcomings. It also might encourage
standardized perceptions rather than alternative outcomes to define engagement based on a
student’s unique lived experience.
In chapter five, I discuss the study findings in connection to current literature on student
socialization, teacher education programs, and student engagement research in science. Also
included in chapter five is an analysis and discussion of the outcomes from the study findings.
Concepts like equity, identity, and culture are considered in relation to the understanding of
engagement for underrepresented groups. Implications are discussed in chapter five for teacher
professional development on promoting engagement in science, integrating cultural strategies,
and critical consciousness skill building. The study implications and future recommendations for
research are also provided.
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CHAPTER FIVE
DISCUSSION OF FINDINGS
The purpose of this arts-based interview study was to explore science educators’
narratives about science engagement, identity, and in/equity through the lens of
leadership/followership. This empirical study addressed dominant narratives and its limitations
regarding underserved groups in science education as noted in the literature. I examined study
participants constructed artifact (drawing), autobiographical accounts about science education as
a student/educator, and perceptions of socio-cultural-political factors influence on engagement in
science. Through this study, I addressed the following question: How have participants become,
and led others to become, engaged in science? To answer this question, I was guided by the
following subquestions: How are their understandings of engagement related to in/equity? How
do they attempt to develop others’ sociopolitical awareness of inequity?
This study portrays understandings of engagement among science educators’ highlighting
what encouraged/discouraged it, and their purpose for working to engage others. In exploring the
narratives of science educators’ development, this study provides insights into engaging
underrepresented groups in science/STEM. These insights may be used to describe the meaning
of engagement/disengagement and the practices used to incite others to engage. Also included is
a conceptual framework – 6 “C” model to expand the representation of engagement from
multiple perspectives. The scant research on leadership/followership narratives on how science
engagement is understood, incited and used in preparing future learners/educators requires that
more research is conducted.
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Leadership/Followership
Titles in the field of science education like leader, leadership, and teacher leader become
widely interpreted roles by individuals. Leadership characteristics in the literature, discuss a
range of descriptions that include transformative, servant, social justice, and culturally relevant
frameworks (Atwater et al., 2013; Hodson, 2004; Mensah, 2011; Mutegi, 2011; Patterson, 2003).
With a focus to enact positive change, leadership positions become a platform in organizations
for an individual or group to execute agendas self-directed or imposed. Poignantly, leadership
decisions depend on multiple variables. However, immediate expectations likely inform school
setting ideas about the performativity for those designated as leaders.
Leadership is based on social, political, economic, and cultural norms that motivate
purpose and reason for formal/informal science education. To explore this point further consider
educational pioneer Horace Mann’s Common School movement. Guided by his will to promote
holistic human development, Mann’s educational reform proposed curriculum that ensured all
Americans experienced moral and socioeconomic uplift during antebellum (Brick, 2005).
Mann’s approach, however, represents the socially constructed side of educational reforms used
to enact specific social outcomes. Other historical examples exist for social change that impacts
student experiences in school.
Using the topic of race in the U.S. as a social construct to conceptualize a leader, one
could compare the belief that leaders are made and are not born. Here ideas support that social
norms undergird leader mission and vision development in schools through their lived
experience(s). In schools, social aspects heavily impact the representation of underserved groups
engaging in scientific explorations and job attainment in STEM fields (Farinde & Lewis, 2012;
Palmer et al., 2011; Perna et al., 2010). Therefore, leadership based on the holistic development
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of others builds followership engaged in science despite social norms that hinder engagement by
underserved groups.
However, expressed leadership/followership criteria vary among participant examples for
engaging in science. Scholars like Sergiovanni and Green (2015), admonish educators to
“become a leader of leaders” (p. 189) as well as a follower guided by a set of values and beliefs.
Ideas catalyze followership for a specific purpose. In science education, socio-cultural-political
reasons contribute to examples of underrepresentation in STEM. Hence, leadership based on the
pursuit of equity builds followership with similar intentions. On the contrary, when leaders fail to
articulate an equity driven purpose, followership to engage self and others in science on those
terms becomes unlikely. Importantly, leadership/followership viewed as one unit in science
education to increase underrepresented groups engagement in science begins the process to
reverse social inequities.
Making the Case for Servant Leadership, Engagement in Science, 6 “C” Model, Equity
For the discussion of findings, I use the conceptual framework components – servant
leadership, engagement in science, 6 “C” model, and equity – to frame science engagement,
identity, and in/equity through science educators’ narratives. The broad purpose of this study was
to explore alternative leadership in science/STEM education that engaged the underrepresented
groups and promoted equity. The study findings discussed in context to the conceptual
framework presents teacher leadership style’s influence on followership engagement in
science/STEM. Although this is one study, the evidence provided supports that servant
leadership fosters science engagement, identity, and actions to ameliorate inequity for
underrepresented groups.
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Servant leadership
Central to the goal of servant leadership is the prioritization of other people. Noland and
Richards (2015) write on the servant leadership approach in education as leadership consumed
by the development of the follower. They go on to further describe teacher initiatives directed at
presenting/performing opportunities that optimized the followers’ development. The findings
related to care, and relationship building for example, repeatedly resulted in followership
encouraged by teacher stewardship. As teacher behavior represented student holistic
development through mediums of care and relationship, students’ began to expand their
perceptions on the function of science/STEM education. Pedagogically, participants upheld a
student-centered standard for instruction that directed science educators to engage as listeners.
This servant leadership attribute along with healing complimented the work by study participants
to help the marginalized student overcome factors that hindered engagement.
Apparent through participant narratives was the reliance on inquiry-based learning for
marginalized students to incite engagement (Roehrig et al., 2011). Consistently, the participants
reframed from any practices that endorsed intellectual hierarchies choosing to model engagement
in science as both the learner/educator. Exploring the relationship between science and self,
servant leadership attributes reflected in how participants pursued the growth of people.
Explicitly, five of the six participants relied on inquiry-based instruction to create science
engagement and identity. Moved by personal experiences that challenged and questioned rights
to engage in science, participants lead with service to create a counter-narrative (Rosa &
Mensah, 2016). Effectively, servant leadership style leadership motivated followership with
marginalized students to engage in science/STEM through care and relationship building.
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Engagement in Science
Engagement in science is an acquired habit. Throughout the study, the participant
process for becoming/being engaged linked marginalized student’s ability to overcome
reoccurring social factors or critical incidents. Overwhelmingly, a critical incident embedded in
racialized or gendered norms prompted participants to engage in science socially and politically
(Farinde & Lewis, 2012). Engagement in science/STEM for pleasure notably became secondary
against the systemic forms of oppression. Participant narratives suggested that endurance at the
social level to inequities had a greater impact on engagement as a form of shaping identity.
Viewing science identity as dynamic, participants became mentors that planted, grew, and
sustained followership that engaged to build communities of marginalized groups as a scientist.
Primarily, engagement in science involved mentoring to heal and bring awareness to
inequities. Likewise, participant motives to engage in science supported reasons for social
equity. Through narrative, Bryn defined her engagement in STEM to discredit the myth of
inferiority for marginalized groups. Bryn’s example to engage along with other study
participants to enact social justice created followership that (re)presented the image of STEM.
Apparent in the study was the correlation between leadership/followership influence on
participant and their student’s engagement in science. However, it was only in cases that reason
for engagement was explicit, and relevant to the student’s lived experience.
6 “C” Model
Informed by inequities in science education, leaders served to uplift marginalized groups
using scientific knowledge. Traditional science, according to Mutegi (2011) lacks goals that
empower the oppressed. He goes on to offer an alternative, socially transformative curriculum, to
dismantle sustained colonial structures that socially hinder marginalized groups (i.e. African
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American) through science education. This study revealed actions taken by participants to
operationalize a certain type of engagement for social change. Not motivated by pointless
activity, or passive participation, the study participants incited students to think critically and
actively contribute to the production of scientific knowledge. As the 6 “C” model represents a
framework for defining the parameters to position the marginalized groups equitably it also
promotes meaningful engagement.
Participants’ followed certain aspects of the 6 “C” model in their instructional methods.
Explicit was the reliance on currency, critique, context, and conduct to engage students in
science/STEM. With references to building critical thinking skills, connecting science and self
and the application to a social issue, participants worked to bolster followership that adapted
practices in science for better job opportunities/representation (Mutegi, 2011; Zeidler et al.,
2009; Zembylas, 2005). Yet, less obvious were participant actions to push followership
competency to name and confront inequities. Skill building became the focus however, to foster
engagement that successfully endured through inequities and not directly target the amelioration
of systemic forms of oppression.
Overall, opportunities in the form of resources, experience, and time, became the missing
pieces participants identified most contributed to the underrepresentation of marginalized groups
in science (Southerland et al., 2011). Some participants articulated it as the denied ability to grow
in areas of science, or learn science through time. Taking claim for marginalized students to gain
opportunities, experiences, and time help them to (re)cognize - change thinking and mind, about
the culture of science (Dillard, 2016).
Ruth credited examples like withholding of science instruction in elementary school,
lack of care, and not connecting content to a social issue among underrepresented groups for
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student disengagement. Participants cultivated relationships as the medium for enacting
liberatory practices with marginalized students. Engaged in the work to disrupt societal messages
of inferiority, participants trained marginalized students to see themselves as producers of
knowledge. In class, participants had students’ complete exercises to contextualize scientific
concepts around a social issue or personal experience. As one participant described it, having
them think with the content becomes a transformative process for students to embrace difference,
analyze socio-cultural-political issues, and identify solutions from multiple perspectives.
Participants helped their students complete applications for internships. Participants identified
limited exposure as barriers to school and work related skill development of critical inquiry in
science. Repeatedly, participants pursued engaging students in the practice of scientific
application embedded in critical inquiry. Participants relied on real-world experiences to
cultivate student ability. Students gained confidence over time to challenge the marginalization
through dominant norms of indigenous scientific knowledge.
Catalysts to Engage Leadership/Followership in Science
This study on leadership in science education seeks to avoid a standardized interpretation
of engagement in science for underrepresented groups through multiple examples of epistemic
frameworks. Importantly, coming to understand engagement in science demands the application
of indicators (i.e. psychological factors) be removed as markers. For individuals to successfully
navigate in science education they must understand the culture of science. Brown (2004)
provides a useful description informed by scholarly perspectives on the “culture of science” as
individual linguistic and procedural capacity building. He continues by referencing science
learning as a “culturally sophisticated process” in context to the science teaching and learning
challenges for diverse learning environments. Simply put, the culture of science determines the
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level of academic/professional achievement based on knowing and doing science that aligns to
the dominant norm. Consequently, once cultural practices are ignored by science educators the
minoritized students experience interpersonal conflict in science classrooms. Moreover, this
knowledge fosters the development of equitable and non-dominant forms of understanding
engagement in science to help underrepresented groups experience science education.
Non-traditional pedagogy
Participants contribute student disengagement for the underrepresented groups to sociocultural and political inequity. Participants perceived the dominant representation of western
modern science in schools as the source of confusion, power dynamics, exploitation, othering,
and segregation (i.e. STEM academy) for students unfamiliar with the culture of science.
Therefore, science education as a medium reinforces forms of oppression deeply rooted in
systemic practices (i.e. curriculum, pedagogy) that standardize engagement.
Disengagement in science, according to participants’ for the underrepresented groups was
unrelated to perceived student difficulty in achieving content mastery. Rather participants
attributed learning gaps to the representation, delivery, and purpose assigned to science
education. In response to inequitable mainstream pedagogy and curriculum in schools,
participants’ contextualized scientific concepts using non-traditional pedagogical approaches that
connected scientific curriculum to student’s community and life. Pedagogically, participants
presented counter-narratives through examples of centering student voice that normalized the
contributions of non-dominant ways of knowing/doing science. This process became a part of the
education of science to achieve equity and social uplift among underrepresented groups.
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Expanding student access to science/STEM
Science classroom observations and participant experiences as a learner/educator of
science education in schools co-constructed the science equity agenda for underserved groups.
Awareness of the systemic forms of oppression by participants motivated their actions to teach
science to the underrepresented groups and to empower the underrepresented students in the
class for social equity. Likewise, participants’ relied on student critical consciousness
development, access, inquiry-based learning, and student-centered instruction as strategic
methods to overcome oppression (Kanter & Konstantopoulos, 2010; Ladson-Billings, 2006).
The premise science/STEM curriculum/pedagogy in school did not reflect the interests of
non-dominant groups established the need for alternative options (Farinde & Lewis, 2012).
Successful at science achievement for underrepresented groups, participants figured out if you
contextualized and provided a purpose beyond completing an activity, students engaged in the
act of knowing/doing science. The participant’s also interpreted student outcomes like academic
failure, underrepresentation, and no display of interest as an act of resistance by marginalized
students in science. Concluding that science in schools framed education to assimilate, and
control non-dominant group interactions, the participants structured science programs/clubs
based on student’s shared interests and student potential for experiential learning (Milner, 2016;
Mensah, 2011).
Participant example(s) to assign the underrepresentation in science/STEM to causes of
systemic forms of oppression encourage open conversations on the scientific image(s) and how
these image(s) influence teaching and learning (Codrington, 2014). Outreach initiatives to nondominant groups prove inequities exist and reinforce messages that science/STEM belongs to a
certain race and/or gender. Outreach programs also have the effect to illuminate shortcomings in
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school science programs with few minority students represented. When traditional science
curriculum/pedagogy in schools has to be supplemented to be inclusive by participants this
should problematize the system, not the student. Instead, outreach programs as the norm are
viewed as an extra effort to engage students who have been given every opportunity through
traditional means to succeed in science. This misconception has normalized the need for nontraditional approaches to educating underrepresented science students as the solution instead of
implementing wide-scale reforms that impact more than a small percentage.
Teacher – Student Relations
The participants formed meaningful relationships with students in order to customize
their pedagogy and curriculum as well as create an inclusive learning environment. Removal of
what participants perceived triggered student disengagement resulted in examples where they
combined a social issue (i.e. condoms) with a scientific concept (i.e. osmosis) when teaching
(Zeidler & Nichols, 2009). Because participants relied on alternative forms of science instruction
(i.e. inquiry-based learning) their non-dominant students enjoyed contextualized learning
experiences. This provoked participants to depend on the knowledge they gained from student
relationships and understand standardized curriculum/pedagogy limitations.
Participants’ pedagogical application of building meaningful relationships with students
came from personal goals to promote equity (Codrington, 2014). The product of their curriculum
and pedagogy reflected an awareness of the socio-cultural, and political perspectives influencing
science education. Participants aware of the academic circumstances for non-dominant groups
took the initiative to form new pedagogical norms that addressed the reasons why students
disengaged (Milner, 2016; Karahan et. al, 2017). Instead of accepting the narratives of
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inferiority, participants used student disengagement to enact transformative science leadership
(curriculum) development.
Curriculum of life
Moving past dectontextualized science education, curriculum from nowhere, to science
education with immediate ties to student communities can serve a greater purpose (Mensah,
2011; Mutegi, 2011; Seiler, 2001). Purposefully, participants employed non-traditional science
instructional methods. To resist exclusive dominant norms for scientific knowledge, participants
focused on the marginalized students' individual needs to succeed in life. They viewed student
limitations through mostly a social, political, and economic lens. The purpose, to recenter the
margins, expand learning opportunities, and develop science identities led the participants to
engage marginalized students in critical pedagogy of place. In order to promote, a critical
pedagogy of place, participants contextualized science in the students’ community as a place to
critique and take action (Gruenewald, 2008).
To enact a curriculum of life, participants’ engaged in the practice of resistance,
reflexivity, and critique of power. Through relationship, participants’ identified what social
inequities influenced marginalized student perspectives about their academic ability, interest, and
identity in science education. In Bryn’s narrative she resisted myths of inferiority as a Black
woman in STEM and used her classroom as a place to confront deficit mindsets that discouraged
women away from STEM careers to preservice teachers. Bryn worked to debunk social norms
that suppressed women’s voice and perspectives in the field of science/STEM.
The branding of science as transformative to self and community undergirded the
reason(s) participants engaged and led others to engage as scientist. Beginning with selfevaluation to assess need, interest, and skill set, participants used student experiences to model
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science-based solutions. Frequently, participants asked students to engage in science with tasks
to provide information about their community, family, and personal experiences through a
scientific lens. For Tye, his science for self-reliance curriculum taught students how to garden
and not starve by eating wild plants. His desire to help Black students recognize their power
directed Tye’s engagement in science for social uplift. Out of necessity is what mainly
characterized Tye’s implicit/explicit theme to coach students to engage in science through
leadership roles.
Narratives by participants shared examples of them redesigning science curriculum to
discuss social inequities from a scientific perspective. This process revealed science teachers’
engagement pedagogically to incite student critical consciousness while students engaged
analytically with scientific concepts via social issues. Take for example Keisha’s action to
facilitate conversations impacting student development in her biology class. Comparing power
dynamics in nature to social inequities, Keisha’s engagement as a scientist in her student’s
communities developed her purpose to address social inequity. Subsequently, her actions caused
students to engage in science beyond school. Likewise, Ruth’s work with preservice teachers
engaged them in the communities of marginalized students exposing them to cultural artifacts,
traditions, and cultural norms. Ruth modeled teacher engagement as a scientist by gaining
student cultural knowledge and using it to enact culturally relevant pedagogy. By example,
Ruth’s preservice teachers’ learned how to become engaged and to engage students through
contextualized scientific concepts.
Democratic transformation
Historically, formal education in the United States has been thought a source of
liberation. However, describing liberty is one of many terms widely interpreted just like
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engaging in science for teachers and students. Engaging in science for democratic transformation
seems secondary to procedural examples. In fact, the term “engagement” perpetuates inequities
when its mainstream understandings derive from behavioral indicators and other superficial
markers that bias the dominant norms. Given an authoritative stance in educational circles to
produce learning outcomes, the general pursuit of engagement on a basic level does not critique
the following: purpose, benefit, and reproduction. Rather, engagements pervasiveness in
education as a term to understand, incite, and measure student learning narrows the focus to
content mastery, not democratic transformation. This influence on science education has
contributed to engagement being decontextualized, and narrow purposes beyond the activity of
content mastery. Science education, however, should be a project of social reconstruction to
dismantle the systemic structures limiting participation. Fostering equitable science happens
once teacher and student engagement centers on the purpose to enact personal change for
democratic transformation.
Democratic transformation is an ongoing change process for the purpose of social equity.
Science/STEM function as mediums to build critical consciousness around socioscientific issues
using methods like inquiry, analysis, and experimentation. The teacher/student relationship,
however, activates learning of differences by experience and understanding within which evolves
transformational actions. Described as development for both the teacher and student, McMahon
and Portelli (2004), proffered “there is no teaching without learning.” Based on this premise,
democratic transformation in science/STEM frame teacher/student engagement as a system of
empowerment because of both sharing to achieve social equity.
Participants became mentors - formally and informally, with science students to learn
about them and form alliances to engage in democratic reconstruction. Time being important led
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participants to invest time beyond class periods with students as they worked collaboratively to
overcome barriers. Enacting democratic transformation for participants became a project outside
the norm of traditional science instruction of teaching scientific content.
Guided by personal experiences of inequity, participants became transparent in
interactions with marginalized students foregrounding democratic transformation work in
science classes. Taking on the responsibility to know students in context to the community,
culture, and sociopolitical variables informing how they engaged in society, participants visited
churches, met parents, socialized with students, and had them teach science in class. Doing the
work to remove barriers - insecurity, incompetence, and inexperience, participants positioned
marginalized students to reconstruct societies shaped by inequities. Instead of implementing
counterproductive activities, marginalized students worked along with participants on culturally
relevant projects to provide examples of success from non-traditional standards. Refusing to
submit to a deficit mindset about English Language Learners (ELL) one participant described the
damaging consequences if underrepresented students are seen as not being great compared to
other students creating no future generation of scientists. Together, with the participant providing
the resources and opportunity, marginalized students in different roles engaged with the purpose
of democratic transformation.
Implications
First, I found student engagement in science through the participants championed
meaningful relationships, connecting science and self through pedagogy, and conducting STEM
outreach programs for underrepresented groups. With altruistic intentions, participants cared for,
and mentored the underserved groups in science to form student identities in science and foster
engagement. Focusing on capacity building, the participants remove barriers (i.e. financial,

149

program access) and attempt to foster engagement in science among underrepresented groups.
Research on college student underrepresentation of marginalized groups in science/STEM, for
example, suggest peer group support, stronger course preparation, and “involvement in STEM
related activities like clubs” to retain students (Palmer et al., 2011, p. 495). If engagement is
fundamental to learning, then knowledge on factors that impact engagement likewise and
disengagement – racism, lack of content relevancy, low teacher expectations – should be a part
of teacher training. Traditional professional development teacher training sessions focus on
building science content knowledge and instruction to increase student learning (Rhoton &
McLean, 2008). For underrepresented groups, approaches that lack relevancy, social justice,
diversity, and ignore teacher demeanor, diminish interest in learning/engaging science content.
Last, the participants in this study used symbolic artifacts of science/STEM education to
(re)imagine science identity, function, and interests for underrepresented groups. As science
educators incorporated non-traditional leadership styles, this in turn encouraged student
application of science/STEM content toward resolving a social issue. These experiences added
not only to skill building but identity development. Conducted research on minority student
identity development for example, describe assimilation practices like labeling as part of the
culture of science that reinforce inequity (Brown, 2004). The ease and widespread dependance
on behavioral clues to indicate engagement simplifies what contributes to science identity
formation for underrepresented groups and student engagement. Incorporating diverse
expressions of science identity for teacher training expands teacher knowledge and purpose to
engage underrepresented groups in science for social change or self-discovery.
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Recommendations for Future Research
Previous research suggests science engagement can be measured based on behavioral,
affective, cognitive, social, and agentic indicators (Hazari et al., 2015; Fredricks et al., 2015;
Sinatra et al., 2015). Engagement is perceived to be vital to student achievement and an inherent
component of the learning process (Boekaerts, 2016; Fredericks, 2015). Despite the emphasis on
benefits attributed to engagement in terms of academic gains and interest in the subject matter,
engagement, however, remains ambiguous (Butler-Kisber & Portelli, 2003). Meanwhile, studies
that explore student interactions in science learning environments use student engagement as a
standard for teacher evaluation, despite the lack of clarity (Olitsky, 2007).
Conceptually, representation and reasoning contribute to social norms, values, and the
purpose(s) for human interactions. For scientist, objectivity, primarily defines the standard for
legitimate knowledge. Scientist reliance on objectifying researched findings reflect in
descriptions that dehumanize human subjects through examples like “it” – third-person genderneutral pronouns to present data (Taylor & Medina, 2013). Consequently, traditional scientific
research upholds Western science positivist paradigm approaches to interpret phenomena. This
process limits non-dominant perspectives for determining what influences the construction of
meaning expressed in thought and feelings.
Cultural diversity in schools increasingly demands non-traditional research methods.
Applied strategies like arts-based methodologies (i.e. theatre, poetry, storytelling) introduce new
realities for identifying individual interest and purpose. This is an added benefit to science
curriculum (leadership) development particularly on topics related to gender, race, and class
underrepresentation in science/STEM. While quantitative mechanisms generate explanations for
scientific engagement from a positivistic paradigm, the postmodern paradigm closely associates
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with arts-based methods that consider non-standardized ways of knowing (Taylor & Medina,
2013). Indeed, representation in scientific research depends on the individual’s perspective.
Under a positivistic paradigm, representation becomes a detached form of reasoning by the
investigator during research and also in references made about the participant. Examples such as
the use of passive voice restrict public knowledge about un(der)known things in a positivistic
paradigm. In contrast, a postmodern paradigm builds on personal perspectives and removes
standards that ignore diverse expressions of individual representation and reasoning.
In qualitative studies, arts-based methodologies encourage the researcher to interrupt
traditional data collection and interpretation processes. Narrative inquiry, for instance, centers
the voice of the participant in research. Ideally, this approach expands cultural inclusiveness in
areas of knowledge production and distribution for non-dominant groups (Taylor & Medina,
2013). Importantly, it bridges learning gaps in societies controlled by dominant norms where
power dynamics and inequities hinder and oppress personal growth. Likewise, narratives offer
understandings into the work done by science educators’ to become, and lead others to be
engaged in science.
While this study focused on science educators’ experiences with underrepresented
groups, interviews with students of the study participants may provide deeper knowledge on
actual practices that encourage engagement. Longitudinal studies on leading and engagement in
science with first-year teachers would allow researchers to explore the process over time as
educators shift in how they understand and practice engagement. The longitudinal study could
also provide evidence if a correlation exists between servant leadership and student engagement
in science. Furthermore, future research should study science educators who teach
underrepresented groups in other parts of the world (i.e. Africa, Germany, Turkey) to determine
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the way science engagement is incited, understood, practiced, and used to prepare other
scientists.
Reflexivity Statement
Coming to terms as the researcher with issues of bias, subjectivity, positionality related to
gender, race and education all require practicing reflexivity. Interest, passion, more pronounced,
however, are the assumptions I held about science engagement that guided the way I designed
this study. Being cognizant of these factors required that I recognize how they potentially
influenced the way I interpreted data, conducted interviews, and interacted with participants in
the study. My transparency was reflected in how I shared my interpretations with all participants
after analysis of drawing and interviews.
At times, journaling became an outlet for my emotions brought on by certain
words/descriptions spoken from participants shared narratives on their lived experience engaging
in science. Multiple times I found their stories mirroring my stories of challenges in the field of
science education. Journaling before and after sessions with participants facilitated opportunities
to reflect on my positionality as an African American woman science educator and how it
influenced my work as the researcher. Importantly, journaling as a tool to reflect, keep a record
of experiences, acknowledge limitations linked to positionality offered knowledge about the way
I embody the role as a science educator/researcher. Perspective taking from a critical theorist
lens was evident in multiple ways: (1) non-positivist epistemological orientation for method of
analysis (e.g., transformative practices); (2) rejection of ahistorical assumptions that perpetuate
domination (e.g., life writings); (3) development of holistic theories that overcome idealist or
reductive concepts of the whole; (4) crosses boundaries, mediates, and connects various aspects
of social life (e.g., métissage); and (5) seeks to radically democratize education. My positionality
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as a Black, African American woman scientist with a critical theoretical lens, informed this
study.
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APPENDIX A
INTERVIEW PROTOCOL
Interview Protocol #1
Background with Science (Technology, Engineering, or Mathematics)
Describe for me your career experience in the field of science, technology, engineering, or
mathematics (STEM)?
How did you discover your interest in the field of science education?
Tell me about your experience studying in school.
Do you have a science identity? Do you see value in a science identity? What does that look like
for you?
Describe a time when you were not engaged in science.
How much of your process of choice is being considered in students’ engagement in science?
How did educators encourage or discourage your engagement in science?
Current Endeavors Related to Equity in Science Education
Tell me about your purpose and practice of leading, mentoring and/or teaching to prepare the
future generation of scientists.
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What is your understanding of the underrepresentation of marginalized groups in school science
programs and science related professions?
Describe your engagement with underrepresented students related to science education.
Have you been able to identify and confront inequities in science or science education?
What learning experiences do you think should be provided in formal education contexts to
increase engagement in science?
What do you perceive as the greatest challenge to leadership/followership regarding engagement
in science?
What do you see as your greatest contribution to the field of science or science education thus
far?
Interview Protocol #2
Responses to sample of analysis based on interview 1.
What is your impression of these segments from the researchers’ analysis?
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APPENDIX B
SCIENCE EDUCATION – SELF REPORT
The following questionnaire relates to your held ideas and/or beliefs as a science educator
for K-20 students. The results of this questionnaire will be confidential. The information will be
used to understand perspectives around topics of equity, engagement, leadership, and mentorship
in the field of science. Using the scale, “0” for “does not apply” to “5” for “strongly apply”,
please respond by rating the following questions based on your ideas and/or beliefs and include a
brief explanation (2-4 sentences) supporting your choice.
1.

I am an activist for science equity.

1 2 3 4 5

Briefly explain
2.

I perform mentorship roles.

1 2 3 4 5

Briefly explain
3.

I intentionally work with marginalized

1 2 3 4 5

groups (gender, race) in science. Briefly explain
4.

I can describe engagement in science.
Briefly explain
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1 2 3 4 5

5.

I acknowledge diverse ways of knowing.

1 2 3 4 5

Briefly explain
6.

I am responsible for teacher leadership
development. Briefly explain
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1 2 3 4 5

APPENDIX C

Informed Consent to Participate in Research Involving Minimal Risk and Authorization to
Collect, Use and Share Your Health Information
You are being asked to take part in a research study. Research studies include only people who
choose to take part. This document is called an informed consent form. Please read this
information carefully and take your time making your decision. Ask the researcher or study staff
to discuss this consent form with you, please ask her to explain any words or information you do
not clearly understand. The nature of the study, risks, inconveniences, discomforts, and other
important information about the study are listed below.
We are asking you to take part in a research study called: Weaved Journeys: Understanding
the Leadership/Followership Relational Process of Science Educators’ Engagement in
Science Through Life Writings
The person who is in charge of this research study is Tara Nkrumah. This person is called the
Principal Investigator. However, other research staff may be involved and can act on behalf of
the person in charge. She is being guided in this research by Dr. Vonzell Agosto
(vagosto@usf.edu).
The research will be conducted at the University of South Florida.
Purpose of the study
The purpose of this study is to explore leadership/followership narratives on engagement in
science, namely how it is understood, incited, and used to prepare the next generation of science
learners/educators.
Why are you being asked to take part?
We are asking you to take part in this research study because you have career experience
working in a science field, and have a leadership role with marginalized groups (i.e.
women/girls, people of color) that involves mentoring or teaching.
Study Procedures:
If you take part in this study, you will be asked to:
• Participate in three interviews (1- initial, 2- follow ups) and focus groups that will be
audio recorded.
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•
•
•
•
•
•
•
•
•

Construct an artifact (drawing) of the Ideal Scientist – Not
Complete self report questionnaire using 0-5 scale – “does not apply” to “strongly
apply”
Answer questions related to leadership/followership, equity and inequity, and your work
with marginalized groups.
The initial interview is expected to last 1 and 1/2 hours and follow ups 30-minutes
Interviews will be conducted in person, at a location of convenience for you, or by
telephone,
The interviews will be audio recorded and you will be asked to agree to the recording.
Only the researcher participating in the study will have access to these recording, which
will include your name.
The recordings will be maintained for five years after the study ends (final report is
submitting to the IRB).
Within a year after the final report has been submitted, the audio recordings will be
deleted.

Total Number of Participants
Up to 10 individuals will take part in this study at USF. Participants will be those working with
marginalized groups in Florida and Northeastern areas of the United States. A total of 3
individuals will participate in the study at all sites.
Alternatives / Voluntary Participation / Withdrawal
• You do not have to participate in this research study.
You should only take part in this study if you want to volunteer.
• You should not feel that there is any pressure to take part in the study.
• You are free to participate in this research or withdraw at any time. There will be no
penalty or loss of benefits you are entitled to receive if you stop taking part in this study.
• Your decision to participate or not to participate will not affect your job status,
employment record, employee evaluations, or advancement opportunities.
• Your decision to participate or not to participate will not affect your student status, course
grade, recommendations, or access to future courses or training opportunities
Benefits
The potential benefits of participating in this research study include:
Storytelling and reflecting could lead to an increased awareness about social (in)equity and
development of one’s leadership in science education efforts. Another possible benefit is that
self-assessment may occur that enhances practice and relationships.
Risks or Discomfort
This research is considered to be minimal risk. The following risks may occur:
• Through memory recall you might experience uncontrolled emotions or slight discomfort
as you recount your lived experiences associated with inequities, addressed or
overlooked.
Compensation
You will receive no payment or other compensation for taking part in this study.
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Costs
It will not cost you anything to take part in the study.
Conflict of Interest Statement
There are no known conflicts of interest had by researchers conducting this study.
Privacy and Confidentiality
I will keep your study records private and confidential. Certain people may need to see your
study records. Anyone who looks at your records must keep them confidential. These individuals
include:
•

The Principal Investigator, faculty advisor, and all other research staff.

•

Certain government and university people who need to know more about the study, and
individuals who provide oversight to ensure that I am doing the study in the right way.

•

Any agency of the federal, state, or local government that regulates this research: Office for
Human Research Protection (OHRP).

•

The USF Institutional Review Board (IRB) and related staff who have oversight
responsibilities for this study, including staff in USF Research Integrity and Compliance.

I may publish what I learn from this study. If I do, I will not include your name. I will not
publish anything that would let people know who you are.
Title IX Mandatory Reporting of Sexual Discrimination, Harassment, or Violence
A federal law called Title IX protects your right to be free from sexual discrimination, including
sexual harassment and sexual violence. USF’s Title IX policy requires certain USF employees to
report sexual harassment or sexual violence against any USF employee, student or group, but
does not require researchers to report sexual harassment or sexual violence when they learn
about it as part of conducting an IRB-approved study. If, as part of this study, you tell us about
any sexual harassment or sexual violence that has happened to you, including rape or sexual
assault, we are not required to report it to the University. If you have questions about Title IX or
USF’s Title IX policy, please call USF’s Office of Diversity, Inclusion & Equal Opportunity at
(813) 974-4373.
You can get the answers to your questions, concerns, or complaints
If you have any questions, concerns or complaints about this study, or experience an
unanticipated problem, call Tara Nkrumah at 615-521-3199. If you have questions about your
rights as a participant in this study, or have complaints, concerns or issues you want to discuss
with someone outside the research, call the USF IRB at (813) 974-5638 or contact by email at
RSCH-IRB@usf.edu.
Consent to Take Part in this Research Study
I freely give my consent to take part in this study. I understand that by signing this form I am
agreeing to take part in research. I have received a copy of this form to take with me.
_____________________________________________
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____________

Signature of Person Taking Part in Study

Date

_____________________________________________
Printed Name of Person Taking Part in Study

Statement of Person Obtaining Informed Consent
I have carefully explained to the person taking part in the study what he or she can expect from
their participation. I confirm that this research subject speaks the language that was used to
explain this research and is receiving an informed consent form in their primary language. This
research subject has provided legally effective informed consent.
_______________________________________________________________
_______________
Signature of Person obtaining Informed Consent
_______________________________________________________________
Printed Name of Person Obtaining Informed Consent
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Date

APPENDIX D

5/29/2018
Tara Nkrumah L-CACHE - Leadership, Counseling, Adult, Career & Higher Education Tampa,
FL 33612
RE: Expedited Approval for Initial Review
IRB#: Pro00035405
Title: Weaved Journeys: Understanding the Leadership/Followership Relational Process of
Science Educators' Engagement in Science Through Life Writings
Study Approval Period: 5/29/2018 to 5/29/2019
Dear Mrs. Nkrumah:
On 5/29/2018, the Institutional Review Board (IRB) reviewed and APPROVED the above
application and all documents contained within, including those outlined below.
Approved Item(s): Protocol Document(s): Weaved Journey_Life Writings - IRB_4.21.18.doc
Consent/Assent Document(s)*: InformedConsent(WeavedJourneys)_4.28.18.doc.pdf
*Please use only the official IRB stamped informed consent/assent document(s) found under the
"Attachments" tab. Please note, these consent/assent documents are valid until the consent
document is amended and approved.
It was the determination of the IRB that your study qualified for expedited review which
includes activities that (1) present no more than minimal risk to human subjects, and (2) involve
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only procedures listed in one or more of the categories outlined below. The IRB may review
research through the expedited review procedure authorized by 45CFR46.110 and 21 CFR
56.110. The research proposed in this study is categorized under the following expedited review
category:
(6) Collection of data from voice, video, digital, or image recordings made for research purposes.

(7) Research on individual or group characteristics or behavior (including, but not limited to,
research on perception, cognition, motivation, identity, language, communication, cultural
beliefs or practices, and social behavior) or research employing survey, interview, oral history,
focus group, program evaluation, human factors evaluation, or quality assurance methodologies.
As the principal investigator of this study, it is your responsibility to conduct this study in
accordance with IRB policies and procedures and as approved by the IRB. Any changes to the
approved research must be submitted to the IRB for review and approval via an amendment.
Additionally, all unanticipated problems must be reported to the USF IRB within five (5)
business days.
We appreciate your dedication to the ethical conduct of human subject research at the University
of South Florida and your continued commitment to human research protections. If you have any
questions regarding this matter, please call 813-974-5638.
Sincerely,
Kristen Salomon, Ph.D., Vice Chairperson USF Institutional Review Board

187

